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FOREWORD 


PSS PROGRAM ANAXYSIS AMD PIANNIW6 DOCUMENT 
DR-MA-04 

This docuraent provides management level visibility of the overall 
PSS Program as defined during the Martin Marietta Corporation study in 
conjunction with NASA-MSFC. The document describep the AFD C&D concept 
resulting from detailed analyses, preliminary design, and trade studies 
of the Payload Specialist Station C&D design, development, test and 
engineering, production and integration. 

The Program Definition described herein is the basis for our Cost 
Estimate, DR-MF— 003, and meets the requirements of the PSS CEI Specifi- 
cations and pertinent Interface Requirements Documents. This definition 
is also in consonance with the Project Ground Rules and Assumptions 
coordinated with NASA MSFC and provided in DR-MF-003. 

liniere more detailed rationale for the selection of a particular 
approach is desired, the PSS Final Report, DR-MA-05, gives a summary 
of the analyses, trade studies, and design data that are pertinent to 
selection of that approach. The WBS Dictionary, DR-MA-06, gives a 
breakout of the tasks to be performed in the DDT&E and production of 
the PSS Core System, and serves as a baseline statement of work for 
the program definition presented in this document. 

This document is submitted in response to Data Requirement No. 

MA-04 of Exhibit "A" to Contract NAS8-31789. 
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1.0 PROGSAM ELEMENT SUMMARY 


1.1 PSS C&D Concept Definition - The controls and displays (C&D) 
required at the Orbiter aft-flight deck (AFD) and the "core" C&D required 
at the Payload Specialist Station (PSS) are identified in this document. 

The "core" C&D definition resulted from an analysis of a ten-year STS 
mission profile and represents the C&D required to satisfy the majority 
of payload functional C&D requirements . 

The AFD C&D Concept consists of a multifunction display system 
(MFDS) and elements of multiuse mission support equipment (MMSE) . The 
MEDS consists of two CRTs, a display electronics unit (DEU) , and a key- 
board. The MMSE consists of a manual pointing controller (MPC) , five- 
digit numeric displays, 10-character alphanumeric legends, event timers, 
analog meters, rotary and toggle switches. The MMSE may be hardwired to 
the experiment, or interface with a data bus at the PSS for signal proces- 
sing. 

The MFDS has video capability, with alphanumeric and graphic overlay 
features , on one CRT and alphanumeric and graphic (tricolor) capability 
on a second CRT. The DEU will have the capability to communicate, via 
redundant data buses, with both the Spacelab experiment and subsystem 
computers. A capability for simultaneous independent operation, at the 
PSS and the Mission Specialist Station (MSS), is available for the more 
complex pallet-only missions; a CRT and keyboard are located at the MSS 
for experiment setup, data display, and instrument pointing system (IPS) 
display and commands . 

1.2 PSS Equipment Definition - The PSS contractor will be responsible 
for the "core" C&D hardware, flight software requirements, the "core" 
software for the multifunction function display system (MFDS) processor j 
and the ground support equipment (GSE). The flight software requirements 
will encompass both the MFDS processor and the payload main computer. 

All functions required to make the "core" C&D hardware a functioning 
system will be included in this requirements document. 
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Three articles of equipment will be required in support of the first 
mission: one development unit, to be refurbished for the software devel- 

opment laboratory (SDL) and payload specialist (PS) training; one quali- 
fication unit, to be refurbished to support payload integration; and one 
flight unit. Two articles of GSE will be required in support of the 
delivered hardware. 

The "core" C&D equipment located at the PSS is as follows : panel 

L-10, a CRT and full alphanumberic keyboard, including an array of pay- 
load dedicated keys; panel L-11, two event timers, a CRT with video 
capability, a manual pointing control system for fine pointing of experi- 
ments, and mission-unique G&B; panel L-12, elements of MMSE. Additional 
"core" C&D exists at the on-orbit station (DOS) at panel A-7, a series of 
switches, and at the MSS, panel R-12, a CRT and keyboard similar to L-10. 
Additional payload dedicated C&D is available at R-7, for Spacelab activa- 
tion, and at A-6 for payload unique C&D- 

1.3 PSS Systems Engineering and Integration - The PSS Contractor 
will perform systems engineering and integration in support of the AFD 
C&D concept in the following areas; functional C&D requirements peculiar 
to a mission; compatibility with Orbiter constraints (volume, weight, 
wiring interface, power, and thermal); design reviews; the preparation 
of specifications, ICPs, and a user's handbook. 

The PSS Contractor will provide support to the mission contractor 
to ensure the PSS equipment and mission- unique C&D satisfies the mission 
functional CSD requirements. The PSS Contractor will provide the PSS 
C&D portions of the integrated procedures in support of the first 
mission. 
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2.0 MANAGEMENT APPROACH 


This seetion. of the Payload Specialist Station. (PSS) Program 
Analysis and Planning Document, tIA-04, presents Martin Marietta Corpor- 
ation's Management Plan for MSEC's Phase C/D Design and Development. 

The plan describes the functions, organization, and systems required 
to manage and control those activities related to the design, develop- 
ment, and production of a "core" PSS Control and Display (C&D) Concept. 

2.1 Purpose - This management plan presents an overall program 
description, discusses program and project schedules, defines manage- 
ment techniques and establishes requirements for a performance measurement 
system. This plan, when implemented, will provide for efficient design/ 
development /production and economical PSS C&D operations. 

2.1.1 Obj ectlve - This plan is specifically designed to provide 
visibility into management processes and thereby assure that the tech- 
nical and cost targets are being attained as the program matures. 

2.1.2 Guidelines - The guidelines used to develop this plan are 
the approved program ground rules and assumptions; the coordinated 
work breakdown structures; and system, subsystem, and programmatic 
analyses performed during the PSS study. 

2- 1*3 Scope - The MSEC and MMC management organization and perform- 
ance measurement system provide timely visibility into contract performance. 
This approach assures NASA and our internal program management that the 
cost/schedule and technical performance management processes are suffic- 
ient and effective for planning and controlling the contract tasks. 

2.1.4 Program Relationshl-ps - The MSEC and PSS Contractor design 
and development activities are influenced by and, in turn, impact activi- 
ties of other elements of the Payload Integration Process. The PSS 
acquisition plans and management approach described herein are based on 
a program structure that includes a PSS Contractor, Mission Contractors 
and SL Contractor. The PSS Contractor is responsible for design, development, 
and production of a "core" concept of C&D equipments which satisfies a large 
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percentage of payload requirements in the 19&0's. The PSS Contractor 
will also provide flight software requirements, core C&D software for 
the MFDS electronics unit processor, GSE and associated ground test 
software. The PSS Contractor will interface with both the Spaeelab and 
the mission contractors in the development and verification of flight 
software and payload integration. The PSS Contractor interfaces with 
the usfir community for payload unique C&D equipment, C&D requirements, 
and the interrelation of program elements shown in Figure 2,1-1. 

A second program acquisition concept that underlies this plan is 
a two-phased development of the core PSS equipment. The PSS Phase I en- 
compasses the total system design and development and the production of 
PSS C&D equipments required for the SL-2 STS mission. Phase II of the 
PSS acquisition provides the production of the remaining C&D MMSE equip- 
ment to complete the core system concept. This acquisition process is 
illustrated in Figure 2.1-2. Software development relative to C&D 
equipment is shown in Figure 2.1-3. 

2 . 2 Program Definition and Schedules 

2.2.1 Program Definition - The PSS Contractor effort encompasses 
hardware/ software elements that must be integrated with various NASA and 
related contractor organizations to meet key milestones, tests, decision 
points, interfaces, and hardware deliveries. The functional elements of 
the PSS core development are shown in the Work Breakdown Structure (WBS) , 
Table 2.2-1. The WBS is the basic planning structure, providing the 
framework for development of program schedule(s), cost, and the per- 
formance control system. 

2.2.2 Schedules - The program, project, development, and major 
element ohedules and applicable logic networks, subdivided and keyed 
to the Work Breakdown Structure (WBS), are portrayed in this section. 

The schedules provide the basic time phasing tools required by MSFC , 
Martin Marietta, and other program participants. These schedules pro- 
vide the basis for implementation and/or further delineation for Phase 
e/D program planning and control functions. 
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Figure 2.1-1 Contractor Structure for PSS Programs 
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TABLE 2,2-1 PSS CONTRACTOR WBS 


MAJOR ELEMENTS SUB ELEMENTS 

01 Project Management 01 01 Project Administration 

01 02 Project Planning and Control 
01 03 Data Management 
01 04 Procurement Man,?genient 
01 05 Configuration Management 

01 06 GFE Management 

02 01 Mi.ision Analysis and Requirements 
02 02 System Analysis, Design, and 

Integration 

02 03 Specification and ICDs 

03 01 Structures and Mechanical 
03 02 Controls and Displays 
03 03 Electronics 

03 04 Electrical power. Control and 
Distribution 

03 05 Thermal Control 

04 Control and Display Equipment 04 01 Structures and Mechanical 
Manufacturing (Flight Hardware) 04 02 Controls and Displays 

04 03 Electronics 

04 04 System Assembly, Integration and 

Checkout 

05 GSE and STE D&D 05 01 Electrical 

05 02 Mechanical 

06 GSE and STE Hardware Manu- 06 01 Electrical 

facturing 

07 Software Development 07 01 Flight Software Requirements 

07 02 Flight Software for MDFS Processor 

07 03 Ground Test Software 

08 Product Assurance 08 01 Quality and Reliability 

08 02 Safety 

08 03 Parts, Materials, and Processes 

09 System Test 09 01 System Test Requirements 

09 02 System Test Operations (Development 

Only) 

09 03 System Test Verification 

10 Ground Operations Support 10 01 PSS C/D Integration and Verification 

10 02 Logistics 

10 03 Maintenance & Refurbishment 


03 Control and Display Equipment 
Design and Development (in- 
cluding Test Hardware other 
than Flight Hardware) 


02 Systems Engineering and 
Integration 
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2.2.3 Schedule Description and Dlscus.slon 


2. 2. 3.1 ProRram Description Hlghlishts - Highlights of the program 
schedules are summarized as follows i 

1) Activities are time phased to control fiscal— year funding. 

2) Maximum use is made of existing STS-qualif ied MMSE to minimize 
ccst/sehedule uncertainty and reduce overall program risk. 

3) Task management is clearly defined to i.nsure performance 
accountability . 

4) Sufficient schedule margin is available to accommodate program 
uncertainties and/or achieve desired cost tradeoffs. 

2. 2. 3. 2 Time-Phased Activities - Activities have been subdivided 
into two time-phased periods. The highlights of those periods are 
described in the following paragraphs. 

Phase I, Initial FSS Core Capability - During this phase the following 
activities occur: 

1) The PSS "core" system (MPDS and elements of MMSE) is designed, 
developed and tested in a 34-month period. The effort includes 
development of all specifications, ICDs and drawings to define 
the "core" PSS design. 

2) The systems engineering and integration will be performed to 
ensure that the PSS design is compatible with all pertinent STS 
design requirements . 

3) Required qualification testing and analysis will be performed 

to ensure the PSS "core" design meets STS environmental require- 
ments. 

4) GSE and associated ground test software will be developed. 

5) Flight software requirements for both the MFDS processor and the 
payload computer will be developed. This will allow the Spacelab 
contractor to develop the flight software to support the AFD C&D 
and the mission contractor to supply the payload application soft- 
ware requirements , 
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6) Flight software for the MFDS processor will be developed. 

7) Procurement will be made of a portion of the MFDS hardware needed 
for the PSS in support cf early missions. 

8) PSS "core" hardware will be fabricated for the first PSS 

mission. This includes: .panels L-10, L-11, L12-A1, and A-7. 

This configuration inclvides the MFPS and chat portion of the 
MMSE C&D equipment required for the first mission. Phase I 
equipment does not require a Spacelab RAD interface at the PSS. 

In this phase the delivered PSS equipment includes: one PSS 

C&D software d.evelopment unit, one PSS payload integration art- 
icle, one flight article, critical component spares, and two sets 
of GSF. 

Phase II, Complete PSS Core Capability - During this phase the 

✓ 

following activities occur: 

1) The detailed design drawings for the remaining portions of 
panels L-11, L—12 will be developed and released in a 12-month 
period. 

2) The additional quantities of MMSE a'nd interfacing hardware will 
be procured; the additional capability provided requires a 
Spacelab experiment RAU at the PSS. 

3) The additional L-12 subpanels will be built and tested. 

4) Delta "core" software requirements will be defined for the 
additional MMSE equipment on panel L-12. New software programs 
will be developed and delivered for the MFDS processor and GSE 
processor which include the additional MMSE requirements. 

5) The new subpanels will be acceptance tested at the factory, de- 
livered and installed, and tested as a part of the PSS C&D develop- 
ment unit, the PSS P/L integration article, and the flight article. 

2.2.3. 3 Derlvatinr. and Description - The various element schedules 
and related logic networks were derived and developed using programmatic 
analyses, logic, and functional flows. These schedules are presented as 
Figures 2.2-1, 2. 2.-2, and 2.2-3. They are structured to use the WBS as 
the common denominator, and are generally divided into subdivisions of work; 
i.e. , engineering, procurement, manufacturing, and test. This approach 
provides management-level visibility for correlation with the subdivisions 


9 



02 SVSTEMS ENGiNnemNn Ik INTEOflATIDN 
0201 MISSION ANAL. & RbQUlREMENTS 

02 SYS. ANAL., DESIGN & INTEGRATION 
U202 SPECIFICATIONS & ICO'S 

03 CONTROLS 8. DISPLAY CQUIPMEN'“ 

DESIGN & DEVELOPMENT 

0301 STRUCTURES & MECHANICAL 

0302 CONTROLS & DISPLAYS 

0303 ELECTRONICS 

0304 ELECTRICAL POWER CONTROL ftDISTR. 

0305 THERMAL CONTROL 

04 CONTROL & DISPLAY EQUIPMENT 
MANUFACTURING 

0401 STRUCTURES A MECHANICAL 

0402 CONTROLS & DISPLAYS 

0403 ELECTRONICS 

0404 SYSTEM ASSEMBLY. INTEGRATION & 
CHECKOUT 

06 OSE & 5TE DESIGN & DEVELOPMENT 
050t ELECTRICAL 

00 GSE&STE MANUFACTURING 
0601 ELECTRICAL 

07 SOFTWARE DEVELOPMENT 

0701 FLIGHT SOFTWARE REQUIREMENTS 

0702 FLT SOFTWARE FOR MFD5 PROCESSOR 

0703 GROUND TEST SOFTWARE 

08 PRODUCT ASSURANCE 

0801 QUALITY A RELIABILITY 

0002 SAFETY 

0003 PARTS. MATERIAL A PROCESSES 

09 SYSTEM TEST 

0901 SYSTEM TEST REQUIREMENTS 

0902 SYSTEM TEST OPERATIONS 

0903 SYSTEM TEST VERIFICATION 

10 GROUND OPERATIONS SUPPORT 

1001 PSSCAOINTFGRATIONAVBRIFi 

1002 LOGISTICS 


Figure 2*2-1 Phase 1 Master Schedule 
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PROGRAM MILESTONES 

01 PROJECT MANAGEMENT 

0101 PROJECT ADMINISTRATION 

0102 PROJECT PLANNING 8i CONTROL 

0103 DATA MANAGEMENT 

0104 PROCUREMENT MANAGEMENT 

0105 CONFIGURAI'IOW MANAGEMENT 

0106 GFEMAI.AGEMENT 

02 SYSTEMS ENGINEERING 8i INTEGRATION 

0201 MISSIONANAL. a REQUIREMENTS 

0202 SYS. ANAL., DESIG': INTEGRATION 

0203 SPECIFICATIONS .a .HD'S 

03 CONTROLS a DISPLAY EQUIPMENT 
DESIGN a DEVELOPMENT 

0301 STRUCTURES a MECHANICAL 

0302 CONTROLS a DISPLAYS 

0303 ELECTRONICS 

0304 ELECTRICAL POWER CONTROL a DISTR. 

0305 THERMAL CONTROL 

04 CONTROLS & DISPLAY EQUIPMENT 
MANUFACTURING 

0401 STRUCTURES a MECHANICAL 

0402 CONTROLS a DIS.PLAY 

0403 ELECTRONICS 

0404 SYSTEM ASSEMBLY, INTEGRATION 
a CHECKOUT 

05 QSE a STE DESIGN a DEVELOPMENT 

0501 ELECTRICAL 

0502 MECHANICAL 

06 GSEa STE MANUFACTURING 

0601 ELECTRICAL 

0602 MECHANICAL 

07 SOFTWARE DEVELOPMENT 

0701 FLIGHT SOFTWARE REQUIREMENTS 

0702 FLT SOFTWARE FOR MFDS PROCESSOR 

0703 GROUND TEST SOFTWARE 

08 PRODUCT ASSURANCE 

0801 QUALITY a RELIABILITY 

0802 SAFETY 

0803 PARTS' MATERIAL a PROCESSES 

09 SYSTEMTEST 

0901 SYSTEM TEST REQUIREMENTS 

0902 SYSTEM TEST OPERATIONS 

0903 SYSTEM TEST VERIFICATION 

10 GROUND OPERATIONS SUPPORT 

1001 pss cao INTEGRATION a VER1F. 

1002 LOGISTICS 



^'igure 2.2-2 Phase II Master Schedule 




11 


of work and the elements of costs contained in our Cost Estimate 
Document, DR MF-003S, 

The time phasing of the Payload Specialist Station program depicted 
permits the orderly development of the required technologies within the 
program constraints of technical requirements and cost targets. 

2.3 Program Management 

2.3.1 Organization - The PSS management challenge is to provide 
a core C&D system that meets the needs of a large percentage of STS 
payloads at projected costs. To meet this challenge we have structured 
our PSS project organization to provide direct management participation. 

Our organizational approach features direct lines of communications of 
the highest levels of our corporate and division management. We have 
assigned the disciplines and committed the resources required for effec- 
tive management and control. The program team selected by the Program 
Director has the required C&D, systems and NASA contract experience. 

This team is collocated in a dedicated area and operates under a task- 
oriented concept designed to augment a low-cost development approach. 

The Martin Marietta Corporation recognizes the role of the PSS 
program as a major element in the NASA Shuttle Payloads plan. The 
PSS Manager will report to the Director of NASA Business who reports 
directly to the Vice President and General Manager of the Denver Division 
(Figure 2.3-1). The Vice President and General Manager is closely Invol- 
ved in the overview of the PSS program activities. He will continually 
evaluate the technical and cost/schedule performance as the program ad- 
vances through its development. He will provide executive-level assis- 
tance to the Program Director in obtaining support from the Denver Division 
and other corporate resources. 

2. 3. 1.1 Payload Specialist Station Program Organization - Our 
program organization has been structured to emphasize task management 
and preclude responsibility/accountability handoff. The program organi- 
zation shown in Figure 2.3-2 has short lines of communication and clearly 
defined areas of responsibility. 
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FIGURE 2.3-1 PSS DESIGN & DEVELOPMENT WILL RECEIVE HIGH LEVEL MANAGEMENT 
ATTENTION 
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FIGURE 2.3-2 PAYLOAD SPECIALIST STATION ORGANIZATION 
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Program Manager - The PSS Program Manager is responsible to the 
Director of NASA Business for the management and direction of all 
Martin Marietta activities related to the Payload Specialist Station 
program. He is responsible for meeting the program technical, schedule, 
and cost goals and has full authority to represent and contractually com- 
mit the corporation in all matters dealing with fulfillment of contract 
obligations . 

Subcontractor Manager - The Subcontract Manager will report directly 
to the PSS Program Manager. He will be responsible for major subcon- 
tracts for the CRT and keyboard elements. 

Product Assurance Manager - The Product Assurance Manager is 
responsible for establishing and maintaining effective quality assurance, 
reliability, and safety programs across all elements of the Phase G/D 
activities. These tasks Include reviews to assure the incorporation of 
quality and safety requirements in the design selection and fabrication 
of materials, components, subassemblies, final assemblies, acceptance 
test reviews, and final approval and acceptance of all delivered hardware 
for the Martin Marietta Corporation. He is also responsible for the 
program activities related to calibration and failure analysis, produc- 
tion support and the identification, tracking and status of engineering 
and hardware discrepancies, and the development of program product assur- 
ance procedures and controls. 

Business Management - The Business Management staff consists of those 
activities related to contract management. 

Gontract Adminis tratlon - Responsible for negotiation and adminis- 
tration of the PSS GontraGt and all Ghanges thereto; preparation and 
control of the work authorization operation directives, operation of 
the change management program, configuration accounting, control of 
documentation, and primary accountability of GFE, 

Planning and Cost Management - Responsible for development and 
implementation of program- level schedules, approving all supporting- 
level schedules, and monitoring and evaluation of program schedule 
performance. Responsible for Implementation of the performance 
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ineasu: ement system^ issuance, updating, and monitoring of program budgets; 
maintaining financial accounting systems; and providing financial status, 
analysis, and reports for Martin Marietta and NASA management. 

Materiel Management - Responsible for the acquisition of required 
materials, components, and assemblies within the cost and schedule con- 
straints of the program. Under the direction of the cognizant task 
manager, the Materiel Manager processes, controls, and provides status 
on all procui-ed or acquired items including GFE and spares; the buying 
operations; and inventory management including the receiving of all pro- 
cured and subcontract material items, GFE, spares, and warehousing of 
received components and commodities. 

Task Managers - The Task Managers for software and C&D design are 
charged with the total responsibility of design, development, qualifi- 
cation, and fabrication of the PSS hardware and software. These task 
managers have total budget authority and are held responsible for the 
technical performance of their PSS components . Each Task Manager will 
be provided with a statement of work, within the framework of the contract, 
represented by the WBS element for which he is responsible. The Task 
Manager will also receive cost targets and technical performance goals 
against which he will be evaluated. 

The C&D Design Manager - This Manager has overall responsibility 
for the detail design and development of the PSS core hardware and the 
GSE required for checkout and verification. He will direct and control 
all required engineering disciplines and in addition will act as the 
Deputy Program Director. He will be given a definitive statement of 
work, budget and milestone schedule to measure work accomplishment. 

The Software Manager - Tlie Software Manager will be responsible for 
the development of flight software requirements for the MFDS processor and 
the payload computer. This will allow the mission contractor to develop 
the mission-unique application software requirements for the payload com- 
puter, and the PS contractor to develop the flight G&D software for the 
MFDS processor. He will also be charged with developing ground test 
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software for use in checkout and verification testing of the core C&D 
hardware in conjunction with the GSE. This manager will be provided 
a statement of work, budget allocation and schedule milestones for the 
control and evaluation of his performance. 

The System Test Manager - The System Test Manager is responsible 
for developing integrated test requirements for the PSS system, planning 
and conducting development testing to support design and planning, and 
conducting systems test verification at Martxn Marietta. Our delivery 
acceptance plan calls for Integration and verification testing at MSEC and 
KSC wit^ the payload and the System Test Manager will be responsible for 
planning and providing this support. The Test Manager will have a state- 
ment of work, cost targets, and schedule milestones against which his 
performance will be evaluated. 

The Systems Engineering and Integration Manage^ “ This manager has 
responsibility for engineering and integration activities to ensure the PS5 
core system design meets all performance and design requirements and that the 
design is compatible with all STS requirements and constraints. This manager 
will be responsible for definition and control of requirements, weight manage- 
ment, compatibility analyses, reviews, specifications and ICDs. He will be 
given a definitive statement of work, budget allocation and milestones for 
performance evaluation. 

This task-oriented manager concept, with the functional and service 
organizations reporting directly to the Task Managers, provides management 
visibility, personal accountability, and motivation. 

2,3,2 Performance Management - The performance management system will 
measure and control planned vs actual cost/schedule/technical performance. 

This system will integrate work authorization, scheduling, budgeting, cost 
accumulation, performance measurement, management reporting and analysis, and 
customer reporting through the work breakdown structure and the organization 

structure. 

2,3. 2.1 WBS Accountability - Responsibility for major WBS elements 
have been assigned to individual Task Managers as shown in Figure 2.3-2. 

This assignment includes work scope, schedule performance, budget and 
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and cost control, variance analysis, and corrective action. The basis 
for implementing this effort is task work packages and level-of- effort 
work packages for every WBS element. 

2. 3. 2. 2 Program Work Authorization - All work to be performed on 
the program will be initiated through Operations Directives (ODs) . Each 
directive will be reviewed and approved by the Program Director. These 
ODs will define the authorized work, identify the manager or managers 
responsible for implementation, describe technical requirements, establish 
cost targets, authorize distributed budgets, and direct schedule require- 
ments . 

2. 3. 2. 3 Planning and Scheduling - Proved planning techniques will 
be applied to integrate program elements to produce a master schedule 
and WBS element schedules. From the WBS element schedules, the Task 
Managers will direct that detailed working schedules be developed for 
each functional department; i.e. , engineering, manufacturing, etc. 

Special emphasis will be placed on management of subcontracted effort. 

Our plan is to maximize use of previously qualified and residual hard- 
ware from other programs that meet our requirements. 

There will be program control milestones for each WBS work package. 
Schedule statusing and milestone tracking will be correlated with TTOS 
schedules to show progress by each WBS element. The cost aspects of 
the system will be integrated with schedule and technical requirements 
so that the impact of any changes will be vis-'ble on the total performance 
baseline. 

2. 3. 2.4 Budgeting - The contract cost agreement established chnring 
contract negotiations will become the budget baseline. The Program 
Director will extract a management reserve that will be held as a 
separately identified class of funds. The status of this reserve, con- 
trolled at the appropriate contract level, will be visible to MSFC. 
Planning and Cost Management is responsible to administer the management 
reserve and to maintain records that provide traceability to the use of 
such funds. Formal allocations of funds from these accounts will be 
made only at the direction of the Program Director. 
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The balance of contract cost remaining after the establishment of 
the management reserve is the program's performance measurement baseline. 
This baseline is subdivided and allocated to designated control-level 
WBS elements as cost accounts, and to the functional organizations res- 
ponsible for performing the work defined in the contract statement of 
work, under the direction and control of the WBS Task Manager. Planning 
and Cost Management establishes and applies controls to assure that the 
sura of the allocated budgets (including authorized changes plus manage- 
ment reserve) equals the original contract budget baseline plus authorized 
changes . 

2. 3. 2.5 Cost Management - The WBS Task Managers have the responsibil- 
ity for accomplishing task efforts, within the established cost target, for 
assigned WBS elements. The steps that will be used to manage cost perform- 
ance to cost targets are shown in Figures 2.3-3 and 2.3-4. 

Actual manpower will be tracked on a weekly basis. This manpower 
report showing plan, actual and variance will be provided to the Program 
Director and his managers on a weekly basis . An analysis of all WBS 
costs will be made against the budget values on a monthly basis. Included 
will be labor dollars, material commitments, other direct charges and 
overhead. Variances will be identified and brought to the attention of 
the Program Director and his Managers. 

The cost accounting system will also provide the data required for 
NASA forms 533M and 533Q Financial Management reports. 

2.3. 2. 6 Performance Measurement and Analysis - Performance measure- 
ment and analysis of schedule and cost data will be the responsibility 

of the Business Management group in direct support of the Program Director 
and his Managers. 

Performance measurement will be made at designated levels of the 
WBS, where schedules, time-phased resource plans, and actual costs are 
integrated. 

Schedule performance will be measured each week by comparing actual 
or promised completion dates to planned schedule dates. A determination 
will be made of the scheduled work accomplished. 
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Cost performance will be measured each week by comparing actual 
manpower costs to the planned value of work scheduled (budget plan). 

See Figure 2.3-7 for an example of a format to be used. This example 
is recommended because it represents a return to basics. For any cost/ 
schedule performance criterion, the question that must be answered is, 

"If the money is X% spent, is the job X% complete?". For Earned-Value 
or Planned- Value-of-Work— Accomplished, many tabular /bar/curve techniques 
have come and gone, but none offer the s traightf prj^ard simplicity of 
combined miles tone /time/ dollar charts. 

The format in Figure 2.3-5 is for 04Q4 System Assembly, Integra- 
tion and Checkout. A deviation to the planned spending curve becomes 
apparent as both a function of time and as a function of milestone 
completion. Any replan of the curve will be documented in the change 
block, as will any change in milestone dates. At all times this element 
of program cost will be under surveillance, the estimated final cost of 
the element will be known, schedule changes will be apparent, and any 
adjustments from beginning to completion will be presented in the change 
block. 

It is recommended that these element curves be used for each fifth 
level WBS element. These would be in addition to the 533M and 533Q 
reports, and would be accompanied by an explanation of any deviations 
with recommended corrective action or cost-concern/ cost-effect activity. 

Our performance management is keyed to the tTBS Task Managers. They 
are assigned the responsibility and necessary resources, and are held 
accountable for performance (Figure 2.3,6). 

The Program Director will hold weekly and monthly status meetings 
with his Managers and staff to review cost/schedule/ technical performance. 
The monthly review will be in greater depth and detail than the weekly 
status reviews. NASA is invited to attend these meetings. 

The Program Manager will use a cost-concern/cost-offset system. 

This is a discipline to identify potential cost problems and cost 
savings, so that total program impact can be assessed and evaluated. 

A cost concern is initiated if a potential cost overrun is identified. 
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The system is outlined in Figure 2.3-7. The Program Director will 
hold a weekly meeting with his Managers and management staff to review 
new cost-concern/cost-offsets that have been submitted and to assess 
action items on those that are already in work. 

The PSS system^ is relatively uncomplex and, therefore, no complex 
technical performance system is justified. The critical parameters for 
this C&D equipment are the wiring interface, weight, and power. These 
will be monitored by Systems Engineering and comparisons of current 
estimates and budget allocations will be provided to the Program Manager 
on a monthly basis . 

2.4 Gonfiguratlon and Data Management 

2.4.1 Recjuirements and Functions - Configuration management will 
provide the control of technical requirements which define the products 
to be delivered. 

The following functions will be performed as detailed in subsequent 
paragraphs : 

a) Configuration Identification and Accounting 

b) Baseline Management and Design Reviews 

c) Configuration Control 

d) Documentation Management 

The Configuration Management relationship to the program and the 
CM functions are shown in Figure 2.4.1 

2.4.2 Configuration Identification and Accounting - Configuration 
identification for the PSS will be established at the CEI level in the 
form of technical documentation. Initially, the CEI specification will 
define the performance and design requirements for the design and development 
of the PSS C&D equipment. Engineering drawings and software requirements will 
then be developed which establish the design and build requirements. The 
engineering drawings will incorporate interface requirements defined in Inter- 
face Control Documents (ICDs) which will reflect agreements between interfac- 
ing elements. 
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An on-program engineering release system will be established that 
will develop and maintain a record and change status of all released 
engineering. The release system will provide a single point of release and 
a formal procedure for assigning and controlling document numbers, verifying 
release requirements, effectivity and approval signatures, and recording and 
transmitting documentation required to support fabrication and test. 

PSS configuration accounting to maintain, store and correlate configura- 
tion documentation status will be developed to define the "as-designed , as- 
built", "as-qualified", "as-flown", and "as-refurbished" configuration account- 
ing data. 

The accounting system will be compatible with the MSFC SCIT 
(standard change Integration and tracking) and CMA (configuration 
management accounting) systems . 

2.4.3 Base line Management and Design Reviews - Approval of technical 
and program documentation resulting from scheduled reviews will serve to 
establish hardware and software baselines. The design reviews will he 
conducted to assure that the evolving design implements the technical 
requirements . 

The PSS design reviews will be as follows: 

1) Preliminary Design Review (PDR) establishing the design require- 
ments baseline. 

2) Critical Design Review (GDR) establishing the released design 
baseline. 

3) Configuration Inspection (Cl) establishing the product config- 
uration baseline, 

2.4.4 Configuration Control - Configuration control will be 
established to assure a systematic evaluation, coordination and disposi- 
tion of proposed changes to established baselines and requirements. PSS 
configuration control will be accomplished through a contractor Configura- 
tion Control Board (CGB) . The control hoard will assess the total impact 
of all changes and submit Class I changes to MSFC for approval. The 
change flow for coatractor changes is shown in Figure 2.4-2. 
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2.4.5 Data Management - Data manasement will provide the identifica- 
tion and control of documentation required for the PSS program. The 
following functions will be performed: 

1) Establish documentation preparation responsibilities. 

2) Monitor and control the development of documentation to meet 
program schedules . 

3) Inspect and transmit documentation to MSEC. 

The categories of documentation required are identified in a Data 
Requirements List (DRL) . The DEL defined from our Phase B study is given 
in the Table 2.4-1. This DRL defines the general categories of documents 
to be delivered. 

2.5 Procurement and Subcontract Management - This section of our 
management plan describes Martin Marietta's approach to provide procure- 
ment and subcontract management functions for the Payload Specialist 
Station Program. 

2.5.1 Procurement Management System Our existing approved 
Procurement Management System includes the necessary controls to assure 
performance and provides flexibility to meet PSS program requirements. 

The effectiveness of our system has been demonstrated in the successful 
placement and management of over $500 million of subcontracts during 
the last 10 years. Major elements of our system are discussed in the 
following paragraphs as they apply to PSS program requirements. 

2.5. 1.1 Phase B Requirements Def inlbion/lndustrv Capability 
Determination - During the PSS C&D study, the PSS "core" was defined 
and the procurement requirements were identified . The PSS core system 
consists of G&D equipments that mount in panels on the Aft Equipment 
Deck of the Orbiter. This equipment interfaces with the Orbiter systems 
through GEE racks, computer access units and power distribution box ele- 
ments. The PSS C&D equipment consists of Orbiter-qualif led MMSE C&D 
equipments and CRT/keyboard elements which may be either modified 
Orbiter equipment, qualified by IBM, or a new design Multifunction 
Display System which is in an advanced state of development at Bendlx. 
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TABLE 2.4-1 DATA REQUIREMENTS LIST 
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ENGINEERING 
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WEIGHT MANAGEMENT STATUS REPORT 
PS USERS HANDBOOK 
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DESIGN REVIEW DATA PACKAGE 
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SOFTWARE DEVELOPMENT PLANS 

SOFTWARE FUNCTIONAL RQMTS & PROGRAM DESCRIPTION DOCUMENT 
GSE REQUIREMENTS DOCUMENT 
EMC CONTROL PLAN 
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QUALITY, RELIABILITY, AND SAFETY REQUIREMENTS 

FAILURE MODE EFFECTS ANALYSIS (FMEA) AND CRITICAL ITEM LIST (CIL) 

RELIABILITY & MAINTAINABILITY PLAN 

PARTS, MATERIALS AND PROCESSES PLAN 

END ITEM ACCEPTANCE DATA PACKAGE 

NONCONFORMANCE REPORTS 

QUALITY TEST PLAN 

HAZARD ANALYSIS REPORT 

RISK MANAGEMENT SUMMARY 



The MMSE equipments consists of parts such as switches, indicator, 
timers, etc which have been qualified for the STS. All E.I vendors were 
contacted and their capability to supply these parts for the PSS was 
verified. The only major subcontract identified was the CRT and keyboard. 
RFIs were submitted to IBM and Bendix and their response confirmed that 
either approach would satisfy the PSS requirements within acceptable risk. 

2 . 5 . 1 . 2 Phase C/P Procurement Planning - Experience has shown 
that effective procurement action requires the formulation of a sound 
procurement plan. Pursuant to any decision to subcontract, we prepare, 
coordinate and issue a procurement plan which includes all key mile- 
stone events leading to subcontract definitization. The procurement 
plan is structured within the framework of the total program master plan 
and issued with the approval of the Program Director. After release, 
the plan will be maintained in a current status by periodic updating. 

Such updating will include narrative reports providing necessary detail 
to indicate current status, problem areas, actions proposed or being 
taken and a summary of any changes to the previous plan. 

2.5.2 Subcontract Management - PSS program subcontract for the 
MFDS will be controlled through a management system that uses low-cost 
controls and monitoring techniques to do the job effectively. These 
controls are discussed in the following subparagraphs. 

2 . 5 . 2 . 1 Subcontractors/Supplier Performance Surveillance - The 
level of activity for surveillance of subcontractor and supplier per- 
formance is determined by the criticality category established for the 
procurement. MFDS for the subcontract, task identification with cost, 
manpower and schedule correlations is required along with provisions for 
formal management and technical reviews at predetermined milestones; 
e.g., preliminary and critical design reviews. 

2. 5. 2. 2 Organization - Figure 2.5-1 shows the reporting relation- 
ship of the Task and Materiel Managers and depicts the relationship of 
these key personnel to central materiel department functions. The C&D 
Design Task Manager directs the subcontractor under the subcontract 
Technical Direction Clause for in-scope activity, while Materiel issues 
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FIGURE 2.5-1 PSS MATERIEL SUBeOWTRACT MANAGEMENT ORGANIZATION 








change orders for out-of-scope direction. The Materiel Manager provides 
policy direction, guidance, and assistance in support of each Task Manager's 
team. 

The PSS Program Materiel Manager's responsibilities include placement 
ar'.d administration of subcontracts and procurements. He delegates author- 
ity to central department buyers and subcontract administrators for place- 
ment, cost analysis, cost estimating and cost status. The subcontract 
administrator negotiates the original subcontract and subsequent changes, 
and establishes and maintains the official subcontract file. Contractual 
documentation and coriespondence with the subcontractor are received by 
the subcontract administrator who makes program distribution through the 
Materiel Manager. The C&D Design Task Manager has the authority to deploy 
his manpower and budget to best meet subcontract needs. Engineering, 
quality, reliability, planning, and finance personnel provide support 
by monitoring their respective functions and communicating with their 
subcontractor counterparts. This free flow of information within the 
bounds of the ST program, is the basis for progress evaluation and early 
problem identification and correction. 

2. 5. 2. 3 Postaward Program Review (Critical Category 3 Subcontractors) - 
Within 30 days after the date of selection, an orientation conference 
between Martin Marietta and the subcontractor will be held. The overall 
objective of this review is to reaffirm that each subcontractor under- 
stands the technical, schedule and cost requirements, has established 

an acceptable plan and is proceeding with implementation. 

2.5. 2.4 Periodic. Program Management Reviews - The subcontractor 
will conduct a monthly management review for PSS program personnel. 

Copies of data presented will be available for distribution to partici- 
pants . The content of these reviews will be as follows : 

a) Technical Portion - Description of accomplishments according 

to his plan and summary supporting data. Problem identification, 
its description, alternative solutions and the preferred solution. 
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b) Schedule Portion - The subcontractor will present data showing 
accomplishments toward meeting the contract schedule and t^ill 
be required to report schedule progress on individual major 
milestones , 

c) Cost Portion - Cost status reporting will be required of sub- 

contractors who have cost-type subcontracts. The monthly cost 
reporting requirements include: an updated expenditure plan] 

status of management reserves; a comparison of actuals to 
plan; an estimate at completion (EAC) ; and suuunary overall 
analysis of the subcontractor's financial position. 

d) Overall Assessment - function and task cost reporting together 
with technical and schedule reports provide a basis for assess- 
ment of subcontractor performance and corrective action direction. 

e) Action Items - The Task Manager will be responsible for directing 
actions and assigning responsibilities resulting from these re- 
views. Action items will be recorded. 

Program reviews will be conducted at contractually specified 
events defined in the quality and reliability plans. Written progress 
reports and periodic informal evaluation will be accomplished and cor- 
rective measures will be initiated. 

2 , 5 . 2 . 5 Other Progress Measurement Methods 

formal Measures - We will conduct formal, scheduled mission assur- 
ance audits to verify that each subcontra tor is complying with the reli- 
ability and quality requirements of the program, formal configuration 
management audits will be conducted to assure compliance with configuration 
and change control procedures. Task Managers will attend the formal design 
reviews. Corrective actions identified in these formal audits and meetings 
will be directed hy the Task Manager, follow-up audits will be held to 
assure compliance. 

Informal Measures - Engineering, subcontract management, planning 
and finance functions will ascertain progress hy visits, telephone, tele- 
fax and TWS as required in day-to-day interchanges with the subcontractor. 
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3.0 SYSTElvis ENGINEERING AND INTEGRATION 


3.1 Systems Analysis, Design and Integration - Systems engineer- 
ing and integration will include performance of the analyses and studies 
necessary to define requirements for the PSS system, interfaces, GSE and 
STE, and product assurance. Systems design and integration, operations 
requirements analyses, GSE and STE requirements, and systems test re- 
quirements are all a part of the Payload Specialist Station (PSS) systems 
engineering and integration (SE&I) task. Also included are interface 
analyses and definition, PSS specification development and weight manage- 
ment. The objective of the SE&I analysis is to assure an integrated PSS 
design that provides a core capability for operating and controlling the 
many anticipated payloads for the Shuttle Orbiter, at the lowest life 
cycle cost to the Shuttle Program, compatible with the required level 
of capability and limitation information to prospective payload developers . 

3* 1*1 Requirements - The essential functional requirements of the 
core of the PSS will be verified by reviewing the specifications of 
each of the selected experiments that will fly on the Shuttle missions 
as they are defined. The user community will be interviewed and the 
control and display needs of each experiment will be identified. As the 
C&D design requirement parameters have been established, an effort will 
be made to verify the PSS design and achieve the greatest possible com- 
monality. The final design will be the result of tradeoffs between 
weight, space, power requirements, and life cycle costs resolved jointly 
with the PSS program office. Figure 3.1-1 depicts the interrelation- 
ships between systems engineering and integration functions and the PSS 
acquisition process.. 

3.1.2 Compatibility Analysis - Interface analyses will be performed 
between the PSS, the Space Shuttle, the Spacelab, the lUS, and their 
ground systems to identify and resolve incompatibilities. During the 
establishment of the PSS functional requirements, the limitaitons of 
the Shuttle Orbiter aft flight deck (AFD) , with respect to available 
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deck, overhead and bulkhead area and volume, heat dissipation capability, 
wiring circuit capacity and electric power availability, will control. 
Tradeoffs will be made to utilize the available space, weight and other 
commodities to achieve a design with low life cycle cost. 

1*3 Program Reviews - The progress of the design and development 
of the PSS core equipment will be reviewed periodically with NASA. Each 
major program review will be preceded by preparation, update and review 
of the required program and supporting documentation necessary for 
efficient conduct of the review. 

The PSS core equipment project procedure will be to prepare material 
for each design review, hold in-house design reviews, correct or change 
material appropriately, and submit advance data packages for NASA review 
prior to the actual review date. These advance submittals will be; 

o 10 days prior to PER 
o 15 days prior to PDR 
s 30 days prior to PDR 

This procedure will assure early input contributions by the technical 
advisory group and cur senior engineering department reviewers, avoid 
surprises at the oral presentation, and permit NASA time to prepare oral 
responses or questions regarding the material being presented. Reviews 
will be held on the dates shown in the Master Schedules in Section 2.0. 

© Preliminary Requirements Review (PRR) 

* Preliminary Design Review (.PDR) 

© Critical Design Review (CDR) 

® Delta, Critical Design Review (DCDR) 

Requirement Review — The PRR will he held to verify 
the suitability of the conceptual configuration, and to establish the 
requirements and action necessary to achieve a design requirements base- 
line at the PDR. The following activities will be accomplished at PRR: 

a) The compatibility of the PSS core equipment detail performance 
and design requirements, with the program (project) specifica- 
tion, will be established. 
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b) The rationale of the selected configuration approach for the 
system/CEI with mission objectives. 

c) The system/CEI suitability of the selected configuration by 
reference to drawings, study reports, models, sketches, etc. 

d) The expected suitability of the system/CEI configuration to 
meet the required schedule. 

e) The development tests required to select and substantiate 
design approaches . 

f) Operational requiremeiits generated by the selected configura- 
tion and design concept. 

Preliminary Design Review - The PDk will be held to provide formal 
identification of specific engineering documentation by which the phys- 
ical and functional interface relationship of PSS core equipment to 
other systems shall be established. The PDk is planned to result in 
the decision to commence the development tests. 

The following activities will be accomplished at PDR: 

a) The ability of the selected design approach to meet the require- 
ments of Part I of the detail specifications for the PSS core 
equipment estalbished and supported analytically . 

b) The compatibility of the PSS core equipment with other system 
equipment/facilities will be established. This will be 
accomplished by review of predesign drawings, schematic dia- 
grams, layout drawings, envelope drawings, review of performance 
characteristics for functional compatibility, etc. Since system 
engineering will be accomplished, system compatibility of the 

CEI will be established by review of the schematic block diagrams, 
fucntional block diagrams and other system engineering documen- 
tation. 

c) The integrity of the selected design approach will be established, 
This will be accomplished by review of analyses , breadboard 
models, mockups, circuit logic diagrams, packaging techniques, 
etc. This will be accomplished by MMC as the basis for selec- 
tion of the design approach presented. 
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d) The producihllity and maintainability of the selected desij^n 
will be established. This will be accomplished by review of 
requirements for special tools and facilities necessary to 
manufacture and maintain the PSS core equipment in the quanti- 
ties required. 

Critical Design Review - The CDR will be accomplished immediately 
prior to committing the design for manufacture of the development unit. 
The following will be accomplished at the CDR: 

a) The compatibility of the PSS core equipment, as designed with 
Part I of the detail specification for CEI, \<dll be established. 

b) The system compatibility of the completed design shall be 
established. This will be accomplished by comparison of the 
interface control drawings with the engineering drawings for 
the CEI. Since system engineering or functional analysis will 
be accomplished, schematic block diagrams, functional block 
diagrams, and other system engineering documentation, will be 
used to support the interface control drawings in established 
system compatibility of the CEX, 

c) The integrity of the design shall be established by review of 
analytical and test data. 

The decision to proceed with final design release, and fabrication 
of the flight unit, is expected to result from the CDR. 

The A CDR data package will revise the data in the CDR data package 
'and V7ill be prepared and submitted 30 days prior to A CDR. 

3.1.4 Crew Systems Design Requirements - Crew systems engineers 
will input the PSS design to insure placement, lighting and identifica- 
tion of controls meets human engineering standards. Adequacy of crew 
system requirements will be assured by having Shuttle crews evaluate 
the human engineering design work, the development unit, and test evalua- 
tions. All PSS drawings, tests, procedures and plans will be reviewed 
for compliance with crew systems ICD and CEI specification requirements 
documents such as MSEC-STD-512 , MIL-STD-1472A and JSC 07700. 
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3.1.5 Weight Management - The PSS core equipment mass properties 
summary presented in Table 3.1-1 has been derived from calculations and 
estimation s based on preliminary design layout drawings and coordina- 
tion with systems design personnel. A 10 percent growth /contingency 
allowance is included in the mass properties statement. This allowance 
accounts for items not included in preliminary design activities, minor 
in-scope changes, and upward weight trends historically experienced 
during deisgn and fabrication. It must be noted that the total weight 
indicated in Table 3.1-1 is 250 pounds, which, is the maximum specification 
weight. In order that the PSS weight does not exceed 250 pounds at 
delivery, a weight management plan will be established. A weight 
allocation for each design group will be determined for each of the 
following program phases: I-Start of Design; II-PDR; III-CDR; and 

IV-Delivery. 

The weight will be continuously monitored during each of these 
phases and whenever it exceeds the allocation, a weight reduction pro- 
gram will be initiated to drive the weight below these goals. 

Management of this weight control plan will include the following 
tasks : 

1) Define the critical mass properties and establish weight 
allocations for in-house design and subcontractor parts. 

2) Monitor and assess design progress, provide visibility of 
mass properties trends , support trade studies and make 
recommendations on design improvements or weight reductions. 

3) Prepare and negotiate reporting requirements, disseminate 
status and issue DRL reports. 

4) Identify PSS assembly and component mass measurement require- 
ments, issue operating procedures and perform measurements to 
verify design weights and to satisfy the contractual require- 
ments . 
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Table 3.1-1 PSS Core Equipment Weight Breakdown 


PAHEL L-12 


1 Spacelab Recorder 83.0 

14 Toggle Switches 2.8 

10 Status Indicators 2 0 

Cabling and Structure 5_0 

TOTAL 92,8 

panel L-11 

1 DU, DEU, Keyboard 66.0 


2 Event Timers 2 0 

1 Manual Pointing Controller 3^0 

10 Toggle Switches 2.0 

2 Potentiometers q 5 

1 Rotary Switch q *2 

Cabling and Structure 5^0 

Mission-Peculiar Equipment (Estimate) 5 .O 


PANEL L-10 

1 DU, DEU, Keyboard, 
Cabling and Structure 


PANEL A- 7 

12 Locked Switches 
Cabling and Structure 


TOTAL 83,7 


65.0 

5.0 


TOTAL 70.0 


1.0 

2.5 

TOTAL O' 


TOTAL ALL PANELS (L-12, L-11, L-10, A-7) 


250.0 lbs 


Approximate Mass Properties for Final CEI DD250 
(Each panel separate) 


Orbiter Coordinates 

' “I 

Y = > TBS 

Z - J 


X 



TBS 
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3.1.6 Specifications and Interface Documents - Five specifica- 
tions will be written as part of the PSS core Sli&I effort. They will 
be for Che Multifunction Display System (MFDS) , the Multiuse Mission 
Support Equipment (IMSE) , the GSE, ground test software and MFDS 'processor 

flight software. Four interface documents will be written to cover mechan- 
ical relationships of the PSS core to the Shuttle Orbiter (including 
panel nomenclature and outlines ) , electrical relationships (including 
detail connector configurations), and the relationships of GSE, and 
the core C&D software relationships. 

3.1.7 Change Control - In support of the total change management 
process, engineering will exercise a control function over all designers 
who will work on the PSS core equipment and software. When a designer 
recognizes the need for a design change, he will prepare a design change 
summary CbSC) that describes, as fully as he then recognizes the problem, 
a complete description of the change, the reasons why the change should 
be made, the consequences if the change is not made, the retest require- 
ments the change will cause, a summary of the impact of the change on 
considerations such as interfaces, reliability and maintainability, 
performance and weight, safety, etc., and finally, a listing of the 
other engineering disciplines that the originator thinks will become 
involved in the change. Weekly meetings will be held by representatives 
of each engineering discipline/section where the originator will present 
his proposed change for discussion. The section representatives will 

be assigned a schedule for responding with a detailed definition of each 
of their efforts for that change, including the cost and the schedule 
for accomplishing the change. Iterations of that process will assure 
that all ramifications of the change have been considered. After this 
thorough scoping of the change, and before its release for pricing and 
scheduling, the change will be discussed with the PSS program office. 

With that concurrence obtained, the finalized design change summary 
(DCS) will be released to the change authorization committee (CAC) 
for the balance of the configuration management activities . 
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3,1.8 Electronifi pi Tip.tlc Compatibility - An electromagnetic compat- 
ibility plan will be written to control the design and development of 
the PSS hardware, to assure that it will perform under the EM environ- 
ment of the aft flight deck of the Shuttle Orbiter plus conducted 
influences of payload bay energy. The EM environments and susceptibility 
given in Volume 14 of the Shuttle Orbiter design requirements (when 
issued), and as further defined through a liaison to be set up with 
Rockwell International, will be the basis of the EMC plan, to the end 
that the plan will neither exaggerate nor underestimate the severity 
of the environment and the sensitivity of related equipment. Studies 
of the several payloads will be performed to establish the EMJ, limits 
applicable to signal and control lines interfacing the PSS core equip- 
ment, the Orbiter and the payloads. Radiated emissions from imaging 
devices such as CRTs are considered intentional signals and therefore 
exempt from radiated emission limits . In addition to the design guid- 
ance to be provided by the EMC plan, periodic EMC reviews will be made 
of the progress of the PSS design, finally, the compliance tests 
described in the EMC plan will be performed on the qualification unit. 
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4.0 PSS COKE C&D DESIGN AND DEVELOPMENT 


4.1 Engineering and Development: - In this section, the engineer- 
ing and design development requirments for the PSS core C&D hardware 
and GSE are described. The PSS C&D hardware consists of a MFDS and 
MMSE hardware mounted in panels L-10, L-11, L-12, R-12, and A-7 of 

the Aft Flight Deck of the Orbiter. It includes the structural panels, 

C&D components, interfacing components such as dc/dc converters, 
display electronics and interconnecting wiring. The PSS core C&D 
hardware interfaces structurally with the AFD equipment rack, elec- 
trically with Orbiter and a GFE power distribution box; and the signal 
interface is via a GFE Remote Access Unit (RAU) and MFDS bus to the I /Os 
of the Spacelab computers. The following paragraphs describe the engineer- 
ing activities required to design and develop these equipments. Software 
requirements, "core" software for the MFDS processor, and ground test 
software are an integral part of the PSS core system. Software development 
activities are described in Section 5.0 of this document. 

4.1.1 Structures and Mechanical - The structures elements consist 
of panels, subpanels to mount the C&D components, and brackets for 
mounting interfacing hardware and wiring. The panel layout options for 

the PSS core is shown in Figures 4.1—1 and 4.1-2. Once final configurations 
have been established, structural design assembly and detail drawings will 
be developed for the main panels and subpanels. The locations for 
bracketry, electronics, and connectors will be determined based on 
loads analysis. Drawings will be released to manufacturing for a 
lot build of all three articles. Because of the simplicity of the 
structural design, only minor modification can be expected from develop- 
ment and qualification testing, which can be incorporated as out-of- 
position changes. 

Structrual design activity will also include the design of test 
tooling for thermal control tests. 

4.1.2 Controls and Displays - The C&D design and analysis activity 
will define the PSS core equipment required to support the mission 
functional requirements. The C&D effort encompasses, the definition of 
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FIGURE 4.1-1 PSfi C&D Concept for STS Equipment 
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Figure 4.1-2 PSS C&D Concept for New Development 



















C&D hardware to implement the PSS design requirements. The design 
effort will integrate the requirements such as weight, power, space 
limitation, human factors, reliability and environment into a design 
described by schematics, block diagrams, layouts, component and sys-- 
tera detail and assembly drawings . 

The C&D design effort will define development, and qualification 
test requirements, conduct testing and prepare inputs to test reports. 

The effort will also include liaison and evaluation of subcontractor 
and vendor test results to ensure that C&D components meet PSS and 
STS requirements. 

functional operation of the C&D equipment is closely tied to the 
flight MFDS processor software and checkout and verification determines the 
ground test software requirements. Close coordination will, therefore, be 
maintained with the activities of the software development effort 
described in Section 5,0 of this document and the electronics and 
electrical power activities described below. The C&D design develop- 
ment effort will be -described in a detailed plan and schedule which 
will be integrated into the Program Master Schedule. 

4.1.3 Electronics - The electronics activities provide the 
analysis and design of interconnection of C&D components and signal 
interfaces with Spacelab and Orb iter equipment. This activity input 
comes from the C&D design layouts . The effort encompasses definition 
of interfacing hardware such as dc/dc converters, D/A converters, 
panel electronics for interfacing between C&D components and the EAU 
and between C&D elements. The design effort will result in schematics, 
layouts, component drawings and detail and assembly drawings from which 
material can be procured and C&D subpanels and panels can be fabricated. 

The effort will also include qualification of interfacing compon- 
ents which do not meet Orbiter requirements. Test plans and procedures 
will be developed and qualification and development tests 
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will be supported. This design effort will be closely coordinated 
with both the software development task and the C&D design effort 
through the master schedule and detailed engineering work plans and 
schedules . 

4.1.4 Electrical Power, Control and Distribution - This design 
and development effort will consist of providing the electrical power- 
required to drive the C&D components from the Orbiter and SL power 
distribution box which is GFE and located at the PSS. This effort will 
result in schematic diagrams, layout drawings and component drawings. Wire 
routing will be called out as a "Development" requirement on back-of- 
panel drawings but separate harness drawings will be provided of 
harnessing interconnections to the PDB. 

Electrical power management is_ s, critical factor in the PSS design 
and a part of this effort will he to maintain current assessment of 
power requirements to assure that the PSS stays within its allocation, 
and where problems sxist, to make design changes to rectify them. The 
electrical power effort will provide support to C&D and electronic 
design efforts through assisting in component selection and develop- 
ment and qualification test evaluations. This effort will be planned 
and scheduled as a part of the overall engineering effort and the 
Master Program Schedule. 

4.1.5 Thermal Control - The objective of the thermal control 
effort is to ensure that the PSS core C&D hardware functions and is 
compatible with the active cooling system (forced air) provided by the 
Orbiter to the PSS console. The input to this effort is the C&D layouts 
and back-of-panel design. Thermal analysis will be performed to ensure 
all components operate within temperature limits and to maintain allow- 
able touch temperature limits. The average power utilized by payload 
C&D must be 750 watts in any three-hour period; the maximum allowable 
power (in the same period) is 1000 watts for 15 minutes. 

Verification that thermal protection is adequate will be achieved 
in a thermal qualification test in which the thex"mal cooling from the 
Orbiter and the mounting configuration in the Aft Plight Deck are 
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simulated and the PSS hardware is instrumented to verify all components 
operate within their qualification limits. Where required, baffels, 
heat sinks and thermal coatings will he added to the back-of-panel 
design. The design and test effort will be scheduled as a part of 
the design and development effort and appear as a part of the detail 
engineering and master schedules. 

Since the PSS core hardware design uses many procured components, 
liaison will be maintained with the subcontractor for the MPDS and 
with the vendors for 1-iMSE to ensure that all components meet STS 
thermal qualification requirements. 

4.1.6 GSE Design and Development - The GSE for the PSS core C&D 
hardware will be a computer system that simulates the data bus, RAU, 
and hardwired interfaces. It consists of a standard inexpensive com- 
mercial computer and a ground test software which will be used 

for checkout, training and payload integration. The ground software 
development is discussed in Section 5.0. The GSE hardware effort 
consists of defining the detailed requirements, selecting a vendor 
that can meet the requirements at lowest cost, and making minimum modifi- 
cations to the system to adapt it through an input/output device to the 
C&D hardware. Research has verified that the adaptation of computer cur- 
rently available can be accomplished with a simple plug in Integrated 
circuit board. 

The design skills required to accomplish the GSE task are; digital 
logic design, power switching and electronic equipment packs fing. 

The task elements for the GSE design and levelopment are: definition 

of system design requirements, solicitation of proposal, evaluation of 
proposal, selection of a vendor/ computer system, design of the I/O adapter 
and test and verification of the GSE with the ground test software and 
the development test article. 

GSE design review will be held to ensure an orderly baseline management 
approach is followed and that the design proceeds in coordination with the 
PSS core hardware and the ground test software. If possible the GSE CDR 
will be held in conjunction with or just prior to the PSS hardware CDR to 
provide maximum assurance that PSS-to-GSE interfaces are compatible. 
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4.2 Manufacturing and Tooling - This plan identifies the Manufac- 
turing and Tooling tasks and activities associated with the PSS Phase 
C/D, It presents the approach for accomplishing each manufacturing and 
tooling task for development hardware, flight hardware, GSE, and spares. 

4.2.1 Fabrication and Assembly - The flow for assembly and checkout 
of the P.i'l shown in Figure 4.2-1, is a sequential buildup of components 
and assemblies and includes mating and checkout of the C&D panels with 
the GSE. The schedule for accomplishment of the work is given in Figure 
4.2-2. The design concept supports an efficient fabrication approach, 
making maximum use of subassembly techniques for each of the major C&D 
panels. 

These assemblies will take place in designated project areas within 
exisring facilities (see Figure 4,2-3). Structure sections will be fab- 
ricated and assembled in the factory under conventional shop temperature, 
humidity, and cleanliness conditions. Electrical/electronic component 
assembly will be performed in the class 100,000 clean room of the Elec- 
tronic Manufacturing Facility (EMF) . Wire harnesses will be fabricated 
in the class 100,000 second floor area of the Space Support Buidling 
(SSE) . Installation of components into the C&D panel structure mating 
of the modules, and testing of the subsystems and systems will be per- 
formed in a class 10,000 clean Final Assembly Area of SSB. 

The PSS detail parts will be fabricated primarily mth standard 
equipment and standard tooling. The use of special tools will be mini- 
mized by continuous review for producibility during detail design of the 
hardware. Milling, drilling, and boring for the low quantities of frames, 
fittings, and brackets will not require special holding fixtures. Elec- 
trxcal wiring will be developed on the panel structure to eliminate the 
need for a development tool. Dx-illing of precision hole patterns will 
be accomplished with standard jig boring and vernier positioning drilling 
equipment. 

4.2.2 Equipment Installation - Assembly of the PSS panels will be 
performed in the SSB class 10,000 clean room assembly area. Assemblies, 
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FIGURE 4.2-1 PSS CORE C&D FABRICATION & ASSEMBLY FLOW 
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FIGURE 4.2-2 PSS FABRICATION & ASSEMBLY 
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parts, and components will be staged for assembly in a controlled 
project area. 

Detail parts fabricated in the detail shop, purchased piece parts 
and PC boards from subcontractors will be staged in the controlled project 
area of Electronic Manufacturing. All subassembly and assembly of elec- 
trical and electronic flight hardware will be performed in class 100,000 
clean work areas. Certification logs will be used to control and record 
the buildup, test, and acceptance of all components. 

Functional testing will be performed at each level of subassembly. 

The special equipment and skills for element brazing, welding, soldering, 
potting, encapsulating, functional test, vibration test, and thermal 
cycling will be available within the Electronic Manufacturing Facility. 

4.2.3 GSE/STE Eabrlcation and Verification - The GSE concept pro- 
posed for PSS provides a simple low-cost solution to the training, payload 
integration and premission checkout of the Payload Specialist Station core 
system. An off-the-shelf rack mounted computer with only minor modifica- 
tion and a ground test software program is all that is needed to verify 
the C&D system configuration. The I/O unit will be fabricated in our 
Electronics Manufacturing Facility and the completed unit will be veri- 
fied as a subassembly prior to system verification testing with the C&D 
hardware . 

The STE electrical checkout and test support GSE will be modified, 
fabricated, and tested in the Engineering Electronics Laboratory concur- 
rent with flight equipment development. 

AT 1 GSE will be fabricated and assembled in conventional factory 
environments. The external surfaces of the equipment will be cleaned 
after assembly to upgrade it for the class 10,000 clean room compatibility . 
Certification logs will be used to control and record assembly and test of 
all GSE/STE components. 

4.2.4 Transportation Preparations - After completion of PSS testing, 
the hardware will remain in the Final Assembly Area for transportation 
preparations . 
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4.2.5 Organization and Responsibilities - The projectized manufac- 
turing operation will be tailored to support the three PSS articles 
build. Manufacturing management, planning and supervision will be on- 
board the project team at the begin.olng of Phase C/D. This nucleus will 
physically move with the design, fabr.'.ca*"' on, assembly, and integration 
activity. Simplified process and fabrlcatior instructions will be pre- 
pared on project. Fabrication of test support equipment will be performed 
in existing engineering laboratories. All other major assemblies will be 
built in dedicated project areas within existing manufacturing facilities. 
Proj ect areas will have on— site liaison coverage with Advance Design 
Change Notices (ADCN) issued as the authority to proceed with changes. 
Detail fabrication and component assembly is planned with standard tool- 
ing and multiple function tooling. Most detail tools will be built on 
project. All material and hardware movement will be controlled by manual 
statusing. 

4.2. 5.1 Dedicated Shop Operation - Selected shops within existing 
manufacturing facilities will be assigned as dedicated areas for fab- 
rication, assembly, and test tasks. Fabrication in the dedicated project 
areas will be directed and controlled by the C&D Design Manager. The 
manager will provide direction to area supervisors for all fabrication 
activity. The fabrication supervisors will be responsible for area 
operation. The supervisors will have been resident Projeci Team Members 
from the outset of the design phase with responsibility for coordination 
of requirements, material, tooling and the fabrication plan. At the 
start of hardware build they will move to the fabrication area (detail 
fabrication, electronic fabrication, and final assembly and test). 

The dedicated shops will use experienced personnel in the use of summary 
or single step shop traveler plans, shop-aid /nondesign tooling and end 
item inspection. Those detail fabrication items which require specialized 
equipment or large capacity equipment will be processed through the pro- 
duction shops or subcontract shops to utilize their existing special 
abilities . 

4. 2.5. 2 Production and Material Support - Production and Material 
Support team members will direct and regulate the orderly flow of hardware 
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through the fabrication, test, checkout, and delivery cycles- During 
the engineering design, development and release they will establish material 
and parts requirements. They will prepare a plan to status and control 
materials, shelf items components, vendor components, in-process hardware, 
tools, and shop loads. They will be responsible for developing, issuing, 
and maintaining page and line schedules for all manufacturing tasks. 

The page and line schedules will provide the basis for identifying long- 
lead activities. 

Production Support will be responsible for the movement and staging 
of materials, tools, and components. They will control pack and ship 
operations for in-process hardware and program end items. 

4.2.6 Manufacturing Controls 

4. 2. 6.1 Cost Control - A manual and mechanized data collection system 
will be used to compile labor costs and to provide job status, shop load 
data, and machine operations scheduling. The production activities per- 
formed in dedicated shops with simplified process and fabrication instruc- 
tions and reduced supporting functions will require only that portion of 
the mechanized system capability that is necessary to assure the ability 

to maintain positive control of fabrication costs. 

Cost data will be collected daily, accumulated, and reported to 
project management. The data will be provided by functional element and 
Manufacturing Control Points (tasks) which rel. _e directly to the Work 
Breakdown Structures (TOS). 

Project Directives will be issued to authorize and direct manpower 
and material expenditures for specific tasks. The project industrial 
engineer will initiate and control the collection of costs that must be 
analyzed with the budgeted elements. He will prepare timely reports 
for the appropriate subsystem managers. The reports will provide actual 
labor and material costs to the IffiS unit for the current reporting period 
and program accumulation. 

4. 2. 6. 2 Production Control - Production Control support will 
consist of three basic elements — Project Production Control, Integrated 
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Planning and Scheduling, and Shop Control. 

Project Production Control will be responsible to the Assembly 
and Checkout Manager for all manufacturing planning and status. Inte- 
grated Planning and Scheduling will develop the detailed manufacturing 
schedules for assuring effective use of manufacturing resources. PSS 
fabrication effort must be integrated with other on-going programs. 

Shop control, using the page and line schedule, and indentured parts 
lists will be I'esponsible for the control, movement, and status of all 
raw material, procured items, vendor" components, shop folders, certifi- 
cation logs tools and shop loads • 

Project Directives will direct all manufacturing functional elements, 
define the tasks, and establish quantity requirements, schedules, and 
cost accounts for labor and material. Production Control will identify 
and initiate all parts requirements in accordance with engineering draw- 
ings. They will participate in configuration control, direct change 
activity within manufacturing and will control pack and ship operations. 

Production control manual and computerized systems will be the tools 
for project management to maintain visibility of performance to build 
status, schedule, and cost. Progress reviews at the working level will 
provide timely recognition and resolution of problems. 

4. 2. 6, 3 Manufacturing Engineering - Preproduction engineers will 
be collocated with engineering during the complete design phase. The 
manufacturing engineer will review design concepts to assure the inter- 
change of producibllity and design requirements . He will develop the 
fabrication plan, analyze alternate approaches, and minimize technical 
and production risk. Manufacturing data establishing the fabrication 
plan, techniques, tooling, manufacturing processes and special considera- 
tions will be issued by the preproduction engineer and released with the 
engineering design. The preproduction engineer will select components, 
parts, and operations to be subcontracted in order to use available 
equipment, processes, techniques, and experience to achieve the lowest 
total cost. Manufacturing engineers xjill review all engineering ■ releases . 
They will assure producibility and completeness of manufacturing information 
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(material, processes and tecTmiques) to achieve the lowest total cost. 
Manufacturing engineers will be responsible for the technical interface 
between designers and fabricators during the hardware build phase. 

4. 2. 6.4 Fabrication Process Control - All processes and technology 
.equired for producing the PSS hardware are within the state-of-the-art. 
Manufacturing processes will be adapted to the PSS from existing NASA 
and Industry technology. Adapted processes will be reviewed by exper- 
ienced laboratory technicians and manufacturing specialists and approved 
by Quality, Safety, Manufacturing, and Materials Engineering before 
release for production. Potential problems or concerns with existing 
processes which may necessitate modification for use on the PSS will 

be identified and the planned approach for adaptation will be described. 

4. 2. 6. 5 Material Control - Material Control will be responsible 
for the preparation and issue of all purchase requisitions and will 
maintain the status of all procured material and parts. They will 
review engineering for material and procured parts requirements and 
establish availability data. They will consult with the design engineer 
on substitute materials and parts based on stock availability or off- 
the-shelf procurement. Material Control is the single-point for all 
project matters concerning material and procured par'ts. 

4. 2. 6. 6 Cleanliness Control - The C&D panel structures will be 
fabricated in a general factory environment. All faying surfaces and 
"ijXind" areas will be cleaned prior to the electronic assembly process. 

On completion of assembly, all surfaces of these assemblies will be 
cleaned to upgrade them for compatibility with the class 10,000 clean 
final assembly and test work area. All external surfaces will be cleaned 
to a cleanliness level 300, and a nonvolatile residue level A as 
specified in NASA specification SN-C-0005. 

4.3 Test and Verification - The goal of the test and verification 
program is to demonstrate through component, subassembly, and system 
level tests and verification methods, that the ESS core hardware will 
satisfactorily accomplish their mission functions. The test program 
described herein encompasses qualification and acceptance testing 
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from components through system level acceptance of the PSS C&D equip- 
ment. This section also contains an overview of the test program 
management plan and describes the (MMC) approach to test program con- 
trol. A general flow diagram and schedule of the PSS C&D test program 
is shown in Figure 4.3-1. 

4.3.1 C&D Test Program - This section describes the Test Program 

from qualification and acceptance of C&D components through PSS C&D 
system acceptance. The specific subjects addressed in this section 
are: Test Analysis and Requirements, PSS C&D Component Test Program, 

Panel Assembly and Test, and PSS C&D Systems Test. 

Each C&D component will be subjected to the applicable tests 
identified in paragraph 4. 3.1. 2, with further detailed requirements 
to be contained in each component end item test specification supplied 
during Phase C/D. The C&D components will be installed on subpanels 
with certain "in-line" tests performed such as insulation resistance, 
and ground Isolation. The subpanels will be assembled and integrated 
into the major panels, followed by functional tests to verify the opera- 
tion of each panel using bench test equipment. Following the panel 
functional tests will be a systems test using GSE and ground test soft- 
ware . At the completion of this phase of testing with the C&D hardware 
together with its MFDS processor software and the GSE together with its 
ground test software will be. shipped to MSEC for a final acceptance demon- 
stration test at the SDL. 

4. 3. 1.1 Test Analysis and Requirements - Engineering analyses and studies 
will be conducted to develop the verification program, and identify the opti- 
mum test approach. The neqd for incremental step-by-step verification of 
piece parts through systems level testing will be evaluated. Verification 
concepts and CEI specificaf-ions will be updated and coordinated with NASA. 
Detail component test requirements and specifications will be finalized, 
resulting test procedures will be reviewed and test data/results will be 
evaluated. Selected component testing will be monitored from the standpoint 

of providing real-time engipeering support. 

The PSS verification planning and the test requirements and specifica- 
tions will be developed and will identify the test hardware and software 
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FIGURE 4.3-1 PSS FLOW DIAGRAM AND SCHEDULE 










required for the planned test program. Test procedures will be 
developed to properly exercise the PSS C&D system elements. Test 
personnel and the test data/results reviewed and analyzed for compliance 
with design specifications. Engineering personnel will also support any 
test anomaly /problem resolution activity. Test results will be coordin- 
ated with the COR to obtain concurrence that the PSS core system meets 
its performance requirements. Test reports will be written to document 
testing results. Experienced engineering personnel in each discipline 
will provide technical support to the test activities during assembly, 
functional and environment testing. 

^♦3.1.2 PSS C&D Component Test Program - The MFDS will be a major 
subcontract procurement against the CEI specification developed during 
the PSS C&D study. The MMC program includes a resident engineer at the 
subcontractor facility to conduct liaison and insure technical and 
programmatic compliance. Initial acceptance testing will be conducted 
at the subcontractor's facility; a systems level test will be conducted 
at the MMC facility utilizing the GSE and ground test software; the 
final acceptance test will be conducted pt a NASA facility. 

The MMSE consists primarily of RI STR=-qualifled C&D components; 
however, behind the panel electronics will be designed, developed, 
manufactured, and tested in the MMC facility. Phase I procurement 
requires event timer electronics and a DC to DC converter; Phase II 
procurement requires I/O electronics necessary to interface with a 
Spacelab computer. Initial acceptance testing of this hardware will 
utilize the GSE simulating analog, digital, and discrete signals. 

4. 3.1. 3 Panel Assembly 'and Tes t - Each PSS panel comprising the 
core C&D, panels L— 10, L-11, L-12, A-/, R— 12, will be qualified to the 
Orbiter AED environmental specifications, Structural compliance with 
the GFE PSS rack structure, weight limitations for AED panels, and 
compliance with the thermal cooling capability will be demonstrated 
during the test program. Thermal reaping of the panel front faces 
(touch temperature considerations) will be verified by actual test 
readings . 
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Each PSS panel will be capable of acceptance testing with the G3E 
utilizing the ground test software program. The test philosophy will 
utilize an interactive computer ’ checkout technique to verify each C&D 
command and display function. 

4. 3.1.4 PSS C&B Systems Test - The MIDS and elements of MMSE have 
three systems interfaces — the Spacelab computers via redundant data buses, 
a Spacelab RAU, and hardwired to the PSS bulkhead through the PSS dis- 
tribution panel. The GSE and ground test software must be capable of 
duplicating the data bus Interface and respond to commands from the PSS 
C&D equipment relative to test displays. The GSE developed during Phase 

I will be capable of supporting the total MMSE checkout, including the 
MMSE equipment delivered during Phase II. 

The ground test software will be developed in two parts for the Phase 
I and Phase II procurement. It will verify the command and display capabil- 
ity of the PSS core equipment utilizing an interactive computer checkout 
technique. The GSE will include the Spacelab RAU functions to allow the PSS 
core equipment to be functionally verified without the 5AU flight hardware. 
Figures 4.3-2 and -3 Illustrate key factors in the PSS test effort. 

4. 3. 1.5 Tools. Simulators, and Test Fixtures - Test hardware which 
interfaces with flight hardware will be controlled by tooling drawings 
and design reviews. Before use in flight hardware testing, such items 
will be physically and functionally inspected to verify configuration 
compatibility and assure that damage will not result through tool usage. 

4.3.2 Test Program Management, Planning and Controls - Pri.me 
responsibility for articles undergoing test at Denver will be the 
responsibility of the Test Program Manager. Schedules will bs generated 
for each phase of the test program, with continuous monitoring and up- 
date as required. Both long range and day-to-day activities will be 
scheduled to provide the visibility required to maintain a smooth flow 
of operations. All test team members will receive adequate training to 
enable them to perform their tasks in a safe, professional manner. 

Individual certification requirements will be monitored and maintained 
current. The testing organization will employ a disciplined operating 
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procedure for controlling, defining and documenting all test work that 
was not previously defined in process plans or procedures. 

4. 3. 2.1 Test Controls - Project Management will provide the follow- 
ing test program control functions : 

a) Define and approve test work to he accomplished. 

b) Define the form of approval for all proposed test work. 

c) Review and approve detailed plans prepared by testing organi- 
zations for the enforcement of the test control disciplines. 

d) Define the type of test work inspection following work 
accomplished . 

e) Plan and conduct test readiness reviews as deemed necessary. 

f) Define any special considerations. 

g) Ensure that work specified in the test plan is performed. 

h) Maintain documentation required to control the work sequence 
and the hardware configuration. 

4. 3. 2. 2 Procedures - The test procedures developed from the test 
requirements and specification documentation will be formatted for use 
during integration test. 

4. 3. 2. 3 Readiness Reviews /Procedure Control and Reporting - 
Procedures will be available for review 30 days prior to start of test 
and/or usage of the procedure. Contractor project approval by his 
responsible design, quality, and safety personnel shall precede procedure 
release. 

Prior to starting a test sequence, the contractor will convene a 
test readiness review meeting. Members of the test review committee, 
including personnel from test engineering, safety, test operations team, 
and responsible subsystems engineers, will conduct the review. This 
group will review the test procedures to be performed, the readiness 
status of test facilities, the adequacy of test fixtures, the capability 
of assigned personnel, and the safety considerations imposed on the 
tests . 
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4. 3. 2.4 Test Reports - A report will be prepared by the testing 
agency which describes the results of the test activity conducted. The 
test report will Include the test procedure (s) and contain the general 
additional information outlined below, as applicable: 

a) Tabular Summary of Test Results 

b) Brief Discussion of Test Results and Failures 

c) Functional Data Sheets 

d) Environmental Data 

e) Vibration PSD Plots 

f) Temperature Log Sheets 

g) Photographs 

h) Failure Documentation and Failure Analysis Reports 

'^*11 test reports shall be reviewed and approved by the responsible engineer 
Test reports shall be submitted with the Monthly Technical Progress Report. 

4. 3. 2. 5 Test Data - All test data, including facility data, procedure 
data, log books, commands transmitted, and telemetry received, shall be 
recorded to permit post-test analysis, accumulate trend data, and to pro- 
vide a. data base for subsequent test or anomaly investigation. Time and 

^scords shall be maintained as required by the Quality Assurance 

Plan. 

^•3*2.6 Calibration - The instruments and test equipment used 
shall be calibrated in accordance with the requirements of MIL-C-45662. 
Quality Assurance shall verify the current calibration of all equipment 
prior- to test start. 

4.3. 2. 7 Cleanliness Control - Spacecraft cleanliness control shall 
be maintained during test activities in accordance with the requirements 
defined in thf opeational checkout procedures. Clean room discipline 
will be controlled by Quality Assurance personnel in accordance with the 
Quality Assurance Plan. 

4. 3. 2. 8 Safety - Analyses of operation functions will be performed 
to determine safety requirements for personnel, procedures and equipment 
which will be used in the installation, maintenance, support of test 
operations and equipment. Results of these analyses will provide a basis 
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for design changes where feasible and inputs to test operating and 
maintenance procedures. During testing, safety regulations and pre- 
cautions xd.ll be observed as stated in the Safety Plan. 

4.3. 2.9 lest Anomalies - Anomalies x^hich occur during testing 
shall be resolved before proceeding with scheduled tests. All test 
anomalies x^ill be docxnnented. 

4.4 Quality Assurance and Safety - This section consists of two 
parts. The first part starts with paragraph 4.4.1 and addresses the 
PSS program tasks that relate directly to the Work Breakdoxm Structure. 
The second part starts with paragraph 4.4.4 and provides a discussion 
of the Quality Assurance and Safety functions that will be included in 
the appropriate Phase C/D program plans. This second part outlines the 
Xi7ays x.7e will satisfy the specific requirements of NHB 5300. 4 (lD-1) . 

Quality and safety activities xdll begin during the design and 
development phase and will be maintained throughout the program to 
provide a series of checks and balances during procurement, design, 
fabrication, test, launch and ground operations to ensure • safe 
quality product. 

Figure 4. 4.-1 prcvides a general program overview depicting the 
activities x<rith Product Assurance Involvement. 

The following "Low Cost Concepts" will be implemented to the 
maximum extent possible within the guidelines of NHB 5300. 4(1D-1) ; 

Collocated Project Team - Quality Assurance and Safety personnel 
will form an integral part of the PSS team. This will allow for the 
early development of solution-oriented project teams. This team 
will physically be located in the hardware work areas. 

Experienced Personnel - Personnel assigned to the PSS project 
team will possess the background and maturity to accomplish their 
assigned tasks with a "lox-j-cost attitude", yet will maintain the 
disciplines necessary to complete these tasks in a safe manner with 
high quality standards. 
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Dedicated Project Shop - Special areas within the Denver facility 
will be assigned i the PSS project for fabrication, assembly and test. 
Work effort can be accomplished very efficiently within these areas 
due to the reduction in written communications. The project teams will 
collocate in these areas until the completion of the specific task 
being conducted in that area. 

Minimum Documentation - The collocation of experienced project 
team personnel in the various dedicated project areas allox<rs many prob- 
lems to be resolved with a significant reduction in documentation. 

Drawing changes can be accomplished within the working sphere of the 
project team with greatly minimized liaison. Extreme care will be 
taken, however, to retain any historical significance in the fabrica- 
tion and test data that would have a long range Impact important to 
any downstream activity. 

Soft Tooling - Shop aids and fixtures will be designed consistent 
with the fabrication and assembly of three articles. That is, whenever 
practical, the material selected during the design of the fixture will 
be determined for its minimal durability and not for long term, high 
production rates. 

Task Manager Philosophy - The lead designer in discipline will be 
designated as the Task Manager for that particular subsystem. In this 
capacity, he will be accountable for the budget, schedule, and perform- 
ance of his portion of the PSS system. The standards and controls speci- 
fied in the Quality Assurance and Safety Plan will be administered uni- 
formly across all system areas. 

Integrated Design/ Test Teams — Engineering, Manufacturing, Test, 
Quality Assurance and Safety personnel will originate on the design 
and development team. These same personnel will carry their experience 
and technical knowledge into the assembly and checkout. 

4.4.1 PSS G&D - The fabrication of subpanels and panels will be 
accomplished in accordance with approved manufacturing work instructions • 
Production inspection flow charts identifying required processes, tests. 
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and Inspection points will be developed and used to control these opera- 
tions. Qualification and end-item tests will be witnessed by Quality 
Safety to assure tests are run in accordance with approved procedures, 
equipment logs are maintained, nonconformances are documented and 
inspection check points are completed. Quality xrill review and accept 
the overall acceptance data package prior to submitting it for acceptance. 
End item data packages will be prepared for eacb end item required by 
contract . 

4. 4. 1.1 Assembly and Test - Quality engineers, safety engineers 
and test inspectors will be assigned to the PSS G&D assembly and test 
team to provide surveillance during the assembly and test operations. 
Assembly operations will be accomplished to approved processes and teots 
conducted to approved test procedures. Inhere applicable, the results of 
Failiore Mode Effects Analysis (FMEA) will be used to establish inspec- 
tion test points to verify design criteria are maintained. Quality 
will assure that test results and nonconformances are documented, reported 
and available for review at time of acceptance. 

4.4.2 GSE/STE and Test Tools — The Quality program designed for 
the fabrication, test and use of the GSE/STE and test tools will be 
identified in a section of the Quality Plan. Maximum use of the "quality 
assurance designee" concept will be used where it is economically advan- 
tageous and can be implemented with little or no program risk. In-process 
inspections will be selectively .pplied cn an audit basis with the primary 
quality controls concentrated during test to verify that the intended 
fucntional requirements and interfaces are maintained. Functional testing 
at the assembly level, rack ox equivalent, will be witnessed and accepted 
by Quality. Hardware general checks will he performed before and after 
test. Integration and checkout of the GSE/STE with flight hardware will 
he witnessed by Quality. 

4.4.3 Spares - Since spares for the PSS C&D will be components 
which have been qualified, they will be treated as flight hardware and 
will receive the identical quality controls from time of receipt or 
fabrication until they are installed for use. 
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4.4 Refurbishment:, Test and Checlcout - Quality Assurance and 
safety will assure that operations associated x<fith the disassembly, 
refurbishment, test and checkout of designated articles are documented, 
inspection points established, required environments maintained, non- 
conformance documented and retested and acceptance criteria satisfied 
prior to acceptance. 

4.4.5 Safety - The responsibility for identification and elimina- 
tion or control of hazards associated x?ith the design, development, 
and testing of PSS C&D hardware is inherent in the role of management 
and all technical organizations. The PSS safety program has been 
established in recognition of the need for systematic and effective 
methods to coordinate th,e efforts of all technical organizations in 
order to ensure timely identification and Implementation of safety 
criteria and requirements , and to minimize oversights that could con- 
tribute to systems failure or loss, equipment damage, or injury to 
personnel. The safety program, as outlined herein, will be further 
defined in the PSS Program Safety Plan and implemented as an integral 
element within the total systems engineering and management process 
throughout all phases and activities of the project. The safety 
program will be implemented in accordance with requirements defined 
in NUB 5300.4(1D-1) and established safety policy as defined in Martin 
Marietta Operating Instruction P0-6-(l)-Dl. 

4. 4. 5.1 Management and Organizational Approach - The Denver Division's 
centralized safety ox-ganization consists of a single safety depai'tment 
whose functions and responsibilities encompass all aspects of safety 
including safety management, system safety engineering, test and opera- 
tions safety, and occupational safety and health. 

A PSS Project Safety Engineer will be assigned to perform compre- 
hensive planning and analysis, and to ensure that all safety criteria 
and requii'ements applicable to flight and ground hardware and operations 
are identified and implemented throughout the contract period of performance. 
The Project Safety Engineer xjill be responsible for directing the PSS 
design, development, fabrication and test safety effort, and serve as the 
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focal point for all safety matters pertaining to the project. Through 
the Project Safety Engineer, the combined experience of Denver Division 
safety personnel will be available to the PSS project. The primary bene- 
fit of this organizational approach, coupled with detailed planning and 
scheduling of safety tasks, is to provide the PSS project with the most 
appropriate safety personnel to perform phase-related or specialized 
tasks while maintaining continuity and visibility of overall safety 
program activities and status. 

4. 4. 5. 1.1 System Safety - Hazard identification and analysis activi- 
ties will be performed for C&D equipment and GSE. These activities 
will be keyed to overall project design and development schedules in 
order to provide maximum effectiveness in the elimination or control 
of hazards in accordance with the established hazard reduction precedence 
sequence defined in NHB 5300 .4 (ID— 1) . This approach also provides 
effective utilization of manpower through establishment of safety task 
priorities through a building block concept. Inherent hazards associated 
with the various system elements and operations (energy sources, envir- 
onments, etc) will be identified and documented. Based on the results, 
safety design criteria and requirements will be identified for immediate 
use by contractor project engineering organizations, and priorities 
will be established for more detailed analyses to be subsequently 
performed. This will provide the design organizations with safety 
criteria which can be used to minimize oversights and assure maximum 
safety consistent with program objectives and cost constraints designed 
■into the system prior to design release to manufacturing. The hazard 
identification and analysis effort will .use, to the maximum extent, 
the outputs of other activities such as systems design analyses and EMEAs, 
Specialized safety data used in support of this effort will include both 
Government and MMC Safety Standards, Manuals, Handbooks and System 
Safety Checklists. Applicable safety criteria wm'.ll be included in 
design specifications, procurement drawings, process specifications and 
similar documentation as appropriate. 
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In order to ensure an integrated effort throughout the project, 
all potential hazards, identified as level A and B in accordance with 
NHB 5300.4(10-1) definitions, will be documented on hazard analysis 
worksheets and issued for coordination or action by appropriate con- 
tractor subsystem management or discipline specialists. Upon comple- 
tion of this coordination and validation process, a formal tracking 
number will be assigned. All responses to actions will be reviewed 
by system safety personnel for adequacy in the elimination or control 
of identified hazards. At such time as a hazard analysis is completed 
to the point of closure in accordance with criteria as defined in NHB 
5300.4(1D-1) , or Conditional Closure as defined herein, hazard analysis 
worksheets will be updated to include the disposition based on design 
changes, analyses, tests or other actions taken. The disposition of 
each hazard analysis will be formally approved by both systems engineer- 
ing management and the project safety engineer. Hazard analyses will 
not be officially closed until the disposition has been approved by MSEC. 

Conditionally Closed is a term used by MMC only for tracking 
purposes, as an aid in establishing priorities for effective use of 
manpower, and as a communications tool and management indicator of 
safety program performance. A hazard analysis is designated as Con- 
ditionally Closed when the primary analysis effort has been completed 
to the extent of identification and acceptance by systems engineering 
management and the project safety engineer of corrective actions which 
are considered necessary to eliminate or control an identified hazard, 
and for which final closure is dependent upon implementation of the 
corrective action or controls. An exception would exist in cases 
where system level verification or action would be required in order 
to resolve a hazard affecting interfacing hardware for which MMC is 
not responsible. At such time as a hazard analysis reaches a point of 
completion that it may be designated as Conditionally Closed, it will 
be approved by systems engineering management and the project safety 
engineer and submitted to MSEC with appropriate supporting data. This 
approach will provide MSEC with progressive visibility of hazard analy- 
sis activities and will provide a basis for precoordination and tech- 
nical evaluation of anticipated closure action. Figure 4.5-1 is an 
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HAZARDS ANALYSIS 
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example of the Hazards Analysis Weeksheets we will use in the PSS 
Preliminary Hazards Analysis . 

Hazard analyses will be summarized in a project hazard catalog in 
order to provide visibility to management of all hazard analyses and 
their status in sufficient detail to eliminate the need to review 
detailed hazard analysis worksheets and supporting data. The Hazard 
Catalog will reflect risk decisions made by project management and will 
be structured to provide a quick reference to each hazard analysis by 
momber, latest revision, date of issue, hazard description, original 
and current hazard level (will reflect progress achieved in elimination 
or reduction of risk), actions taken or in progress, and disposition. 
Also, the Hazard Catalog will reflect residual hazards and other per- 
tinent data. The Hazard Catalog will be used as the primary document 
for tracking and status ing hazards and will be periodically submitted 
to MSEC as an input to major design and project milestone reviews. 

4. 4. 5. 1.1.1 Trade Studies - Directives are issued defining scope 
of effort, requirements and responsibilities for the performance of 
formal trade studies. System safety personnel will progressively 
review documentation developed by trade studies to ensure safety 
requirements and considerations are factored into such activities. 

Trade studies involving significant safety considerations will require 
direct participation by system safety personnel. 

4. 4. 5. 1.1. 2 Review and Evaluation of Changes - Design changes will 
be reviewed by system safety personnel to ensure that safety require- 
ments are adequately considered, and to ensure that potential hazards 
which may be introduced by the change are identified. Changes affect- 
ing the previous safety status of the hardware or invalidating or 
otherwise affecting the technical accuracy of closure rationale for 
hazard analyses which may have been previously submitted to MSEC will 
be either reopened or updated to reflect such changes and resubmitted 
to MSEC. 
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4. 4. 5. 1.2 Industrial Safeliy - Continuous maintenance ol safety 
standards, a safety procedures and requirements manual, and an 
accident-incident investigation handbook by the Denver Division cen- 
tral safety organization will provide up-to-date information for use 
by the project safety engineer and area safety engineers throughout 
the PSS program. Existing safety policies, standards, requirements 
and procedures are in compliance with NHB 5300.4(1D-1) and MSEC 
requirements governing such aspects as accident— incident investiga- 
tion and reporting. 

A Denver Division internal audit program is implemented to ensure 
compliance with the standards imposed by the Occupational Safety and 
Health Act (OSHA) . The Denver* Division complies with all applicable 
aspects of OSHA, including conformance to State plans and their attend- 
ant standards . 

The Denver Division maintains its own fire protection organization, 
which includes facility equipment, vehicles, and personnel on duty 24 
hours a day, seven days a week. All ordnance, chemical and other hazard- 
ous material storage areas, as well as manufacturing, test and office 
work areas are protected by either automatic fire detection and sup- 
pression equipment or by design, location, and 24-hour security sur- 
veillance, or both, as appropriate. Comprehensive procedures, training, 
auditing and maintenance are major* elements of the Denver Division's 
fire protection and security program. 

Some specific safety tasks to be performed during the PSS design 
and development phase, which will be further defined in the Project 
Safety Plan,' are as follows: 

a) Review and approve tooling designs . 

b) Review training requirements, identify project peculiar 
safety requirements, and ensure implementation of training 
and certification requirements for personnel involved in such 
activities as fabrication, assembly, crane operations, handling 
transportation and storage of hazardous high cost or mission 
critical hardware. 
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c) Review and approve purchase requisitions and/or shipping 
requests for hazardous materials. 

d) Review and approve manufacturing processes. 

e) Perform monitoring and surveillance of manufacturing, test, 
product handling, storage, and office areas to ensure adher- 
ence with safety standards and requirements. 

4. 4. 5. 1.3 Test and Ground Operacions Safety - Test plans, specifi- 
cations and requirements documents will be reviewed and evaluated to 
ensure adequate tests are specified for materials, systems, subsystems, 
and critical devices or components under all anticipated environments. 

These reviews will ensure tests are adequate to determine such factors 
as degree of hazard or margin of safety in design. These reviews and 
evaluations will be an integral function of the progressive performance 
and refinement of FMEAs and hazard analyses. Requirements for special 
safety tests will be identified as required. 

Ground support equipment will be evaluated for planned ground 
operations and tests in order to identify hazards to personnel, flight 
or flight-type hardware, ground support equipment and facilities. 

Special emphasis will be given to ensuring protection of flight and 
flight-type hardware, from damage which could be caused by human error 
or ground equipmeni. malfunction. 

Procedures to be used for testing PSS C&D hardware, and other 
procedures involving hazardous operations or tests as determined by 
review and evaluation of test data and performance of hazard analyses, 
will be reviewed and approved by safety personnel prior to their use. 

Tests and • operations determined to be hazardous will include prerequisite 
requirements for safety surveillance or direct participation by safety 
personnel as a member of the test team, as appropriate. Testing will 
be performed only by approved procedures. Safety personnel will review 
and approve all changes to procedures. 

4.4.6 Quality Assurance 

4.4. 6.1 Management, Planning and Training - Por Design and Development 
Phase C/D of the PSS program, the quality plan which follows has been 
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developed to define and describe the quality assurance functions which 
will be implemented to assure the quality and reliability of the PSS 
core C&r hardware. The scope of the plan encompasses all aspects of 
the program beginning with preliminary design and continuing through 
acceptance. The plan will also provide for the early detection, docu- 
mentation and analysis of nonconformance and anomalies and for timely 
and effective remedial and preventive action. 

4. 4. 6. 1.1 Organization - All quality assurance operations will be 
managed and controlled by the Product Assurance Manager. Reporting 
directly to the Program Manager, he will have both the responsi.bility 
and the authority to evaluate quality problems and initiate solutions. 

4. 4. 6. 1.2 Quajity Plan - The Quality Plan will be the primary govern- 
ing and planning document controlling quality assurance activities. The 
plan defines the quality tasks to be performed throughout the contract, 
describing the controls to be Implemented to assure that all hardware 
and software meet engineering and contract specifications. The detailed 
instructions are contained in MMC Standard Procedures and Quality 
Procedures which will be available for customer review. Revisions to 
these procedures, where needed to implement requirements unique to the 
PSS program, will be prepared and released as program-unique appendices 
or as Program Procedures. Procedures that define or require customer 
involvement will he ava i lable for customer evaluation. Quality assur- 
ance requirements unique to an off-site operation such as MSEC or KSC 
will be addressed in appendices to the Quality Plan, to be developed 
after contract go-ahead. 

4. 4. 6. 1.3 Quality Controls - Management control of quality assur- 
ance operations will be achieved through the implementation of PMC 
Procedures and Standards, Standard Procedures describe management tech- 
niques and systems to be used in conducting the company's business and 
generally affect all departments of the company. Quality Procedures 
define and describe the policies, systems, methods and responsibility 
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assignments through which the Quality Department assures satisfaction 
of the quality requirements of the contract and the company. Quality 
Technical Instructions provide Quality personnel with uniform instruc~ 
tions where standardized methods are necessary. The Workmanship 
Standards Manual augments company acceptance criteria for workmanship 
where the basic measure of quality is largely subjective. Quality 
requirements imposed on in-house operations and on suppliers are tail- 
ored to the requirements of the specific item to be produced or pro- 
cured by: 

a) Insertion of specific inspection requirements in fabrication 
plans and test procedures; 

b) Issuance of pro gram- unique Program Procedures and Quality 
Procedure appendices; 

c) Issuance of Quality Project Directives approved by the Product 
Assurance Manager; 

d) Quality requirements coding of purchase requisitions. 

4.4. 6.1.4 Nondestructive Evaluations (NDE) — Specific nondestructive 
evaluation requirements and techniques will be identified during the 
preliminary design review. Design, Manufacturing and Quality engineers 
will participate. This group constitutes our NDE review board and form- 
ulates NDE development planning ^ 

Standard Procedures and Quality Procedures identify people certi- 
fication requirements, process validation and equipment controls and 
validations, including all processes as well as NDE. 

For NDE we have specific Quality Technical Instructions (QTI) 
which specify general NDE. Special NDE requirements are specified 
in the engineering drawings. The requirements are met by specific 
Quality Laboratory procedures which include the fabrication of special 
standards, specific equipment, and controls, operational instructions 
and special people certification requirements . These procedures require 
the use of enough samples to demonstrate that we have inspection relia- 
bility and confidence to the level of program requirements . 
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i!i,4.6.1.5 ManaKemenC Assessment Data " QualiCy management assessment 
data will be presented periodically to the NASA as requested. The data 
will include significant accomplishments, problem areas, corrective 
action status, quality costs, tes t/inspection status, significant 
material review actions , and a summary of supplier quality activities . 
Other quality data will be available for review upon request. Special 
emphasis will be placed on reviewing all appropriate data before start” 
ing production activities, if significant periods of time elapse between 
production operations. 

4 4 6.1.6 Training — Personnel controlling ciTitical processes or 
performing critical operations will be trained and certified. A 
Skills Training and Certification Committee will be established for 
the program, which will determine the requirements for cei tificatlon 
of any employee skill and the tasks to be certified. The committee 
will include representatives from Quality, Systems Safety, Manufacturing 
and Test, Engineering Training and Certification, and Professional and 
Industrial Relations (Medical). Satisfactorily trained employees will 
be issued uersonal certification cards as evidence of certification. 
Recertification will be required on a scheduled basis, or whenever 
processes or techniques are changed, performance is unsatisfactory or 
the allowable time period for nonperformance has expired. Records of 
the training, the testing and the cfirtif ication status of employees will 
be maintained by the training organization and audited by Quality. 

4, 4, 6. 1.7 Quality Program Audit - The existing audit program mil 
be utilized for the PSS program. They include a division-wide, sys- 
tematic appraisal of operational performance to assure that management 
objectives, contract conmiitments , product integrity, and mission objec- 
tives are successfully and effectively achieved. Also, a Quality 
Department self-audit program, which complements the Division audit 
program, is performed within Quality and of Quality s interfaces with 
other departments. This -audit program reviews applicable company pro- 
cedures for compatibility with contractual quality requirements, to 
verify that the Qualir, Department is, in fact, complying with these 
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procedures and contract requirements. These audit programs are planned 
and scheduled. Results are documented, and reviewed by upper management, 
in addition, unscheduled audits are performed at the direction of upper 
management to provide instantaneous assessment of performance or to 
determine the magnitude of a real or potential problem. 

Auditing of supplier activities is normally conducted concurrent 
with source inspection activities. This supplier audit program does 
not preclude unscheduled or special audits by program management person- 
nel or others as the need may arise either to resolve a problem at the 
supplier's or to "audit the auditor". 

Design and Development Controls - Quality engineers will 
review contract and engineering specifications, drawings, fabrication 
plans, test procedures and other technical documents. These reviews 
will assess the compliance level of program technical documents with 
established quality and design control criteria. 

Quality personnel will participate in prerelease reviews of draw- 
ings and in the preliminary and critical design reviews with the NASA. 

In preparation for the preliminary and critical design reviews, Quality 
will review drawings and process plans, FMEAs, and the nonconformance 
history of similar systems, components and parts, using a checklist 
developed specifically for this purpose. 

Prior to an acceptance review, the Product Assurance Manager will 
assure that the following items have been accomplished: evaluation of 

the end item acceptance test results; anomalies encounted; failure 
history, and remedial and preventive actions; status of all open work, 
including tests and identification of those which constrain further 
activities, such as integration or flight; identification of waivers 
and deviations to contract requirements and specifications, and veri- 
fication of the basis for approval; status of limited life components 
and their remaining life; identification of shortages, open work items, 
and the schedule for completion; development of a form DD250 indicating 
shortages and deficiencies which must be resolved prior to further 
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activities, such as flight readiness; verification that departures 
from specifications and drawing requirements have been processed; 
verification that all data packages and support manuals for the 
operational checkout, and maintenance of the end item are complete, 
compatible and accompanying the hardware, and that all shipping 
requirements have been met. 

4. 4. 6. 3 Identification and Data Retrieval - Identification and 

data retrieval systems have been developed which are compatible with 
engineering documentation and configuration management systems and 
provide for identification to which procurement, fabrication, proces- 
sing, inspection, test, and operating records can be related. The 
systems also provide the means for locating articles and materials in 
end items. When required by engineering drawings or procurement speci- 
fications, items mil have identification traceable to their origin 
such as: manufacturer's data; date purchased; lot number; inspection 

and test data; or other pertinent information, as applicable. EEE 
piece part identifications will be recorded in fabrication records 

to permit tracing backwards from fabricated hardware to the manufac- 
turing records for the piece parts. As required, limited life items, 
serialized components and other critical hardware identifications will 
be recorded in the fabrication records to allow traceability from the 
end item back to the tests performed, the test results, and the specific 
processes employed in the manufacture of each lot of parts. 

4.4. 6. 4 Procurement 

4. 4. 6. 4.1 Procurement Controls - Responsibility for the overall 
planning and management of procurement quality activities is vested in 
the Product Assurance Manager. He will provide program dir "iction for 
the detailed planning and implementation of the procurement quality 
activities for the program. 

4. 4. 6.4. 2 Selection of Contractor Procurement Sources - Quality 
will participate in the selection of suppliers of articles and materials 
procured to MMC drawings and specifications. Historical data from 
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supplier quality performance reports, preaward surveys, and technical 
reviews will he used in the supplier selection process. Information 
supplied by the NASA will also be evaluated. Procurement sources for 
standard hardware and raw materials will be selected on the basis of 
the Approved Vendor List (AVL) , Qualified Products List (QPL) or 
supplier performance records. Procurement sources for Military Speci- 
fication parts will be selected from suppliers listed as qualified to 
furnish that part. 

4. 4. 6. 4. 3 Procurement Documents - All purchase requisitions applic- 
able to the program will be reviewed by Program Quality assisted by 
specialists from central Quality. Program Quality, from a review of 
drawings and other technical documents, from participation in design 
reviews, and from contract requirements will determine the quality 
requirements to be imposed on the supplier of each item. These quality 
requirements will be added to the purchase requisition by Program Quality. 
Quality will verify that the supplier has been selected in accordance 
with paragraph 4. 6. 4. 2 above. 

4.4. 6.4.4 Quality Assurance Personnel at Source - Procurement Quality 
will provide source inspection at the supplier's facility as required. 
Source inspection will include, as appropriate, review of special pro- 
cesses, review of manufacturing/inspection plans and procedures, review 
of test plans and procedures, inspection and acceptance of hardware 
and test results, and verification of hardware documentation prior to 
delivery. Through their Perpetual Evaluation Program (PEP), our 
Quality Source Representatives will perform planned, continuing eval- 
uation of the supplier's activities, which will provide documented 
control of product and processes . 

A list of assigned personnel, duties, responsibilities and 
authorities will be supplied to the NASA and to the Government quality 
representative at the supplier's facility upon issuance of the Purchase 
Agreement . 
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Ifliere other contractors of Space Shuttle hardware are purchasing 
similar hardware from a supplier under MMC Quality Procurement Repre- 
sentative surveillance, the services of our representative will be 
made available to the other contractors as may be mutually agreed upon. 

4. 4. 6. 4. 5 Government Source Inspecticu (GSI) - GSI requirements 
will be determined by the designated govetrnment representative. He 
will make the apxjropriate entry on the purchase requisition. MMC 
recognizes its responsibility for the adequacy and quality of pur- 
chased items, notwithstanding any Government source inspection. 

4. 4 ..6. 4. 6 Receiving Inspection - All hardware and material pro- 
cured for the program, and all GFE and GRP provided for the program 
will be inspected upon receipt at MMC by Receiving Inspection, a 
Quality Department organization. Inspections are performed to Receiv- 
ing Acceptance Plans (RAP) written by Quality and developed from 
reviews of drawings and specifications and from the quality assurance 
and documentation requirements imposed upon the supplier. 

Conforming items are identified by acceptance stamping the item 
or its associated documentation, and repackaging the item prior to 
release to a controlled stockroom. Metallic materials are not accept- 
ance stamped. They are coded and acceptance is shown on the receiving 
report and the inspection record card. Nonconforming items are so 
identified, segregated pending disposition, and documented in accord- 
ance wd.th paragraph 2.5.5. 7, Nonconforming Articles and Materials. 

4. 4. 6. 4.7 Receiving Records - The Receiver (a copy of the Purchase 
Agreement) and the RAP constitute the primary receiving inspection and 
test records . Results are recapped onto inspection record cards which, 
by part number and supplier provide summary records of quantities 
received, dates inspected, and inspection results. Data from the 
records are used to generate supplier evaluation reports for management 
assessment of supplier performance. 

Data packages received with procured hardware are reviewed for 
completeness and accuracy and, if acceptable, are retained by Program 
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Quality or the Quality Data Center. 

4. 4. 6. 4. 8 Procurement Source Data - The summary records described 
in paragraph 4.6, 4. 7 above together with rejection history from other 
sources (e.g., source inspection) are compiled into a tab run keyed to 
supplier. A folder is also maintained for each supplier containing 
other information relative to the supplier such as PEP findings, sur- 
vey results and the like. All of these data and records are available 
for use in the selection and qualification of procurement sources. 

4 . 4 . 6 . 4 . 9 P ost-Award Survey of Procurement Source Operations - 
Post-award surveys of suppliers will be conducted by Procurement 
Quality based on hardware criticality, complexity and problem history; 
Quality history of the supplier; supplier capability; and remaining per- 
iod of performance of the Purchase Agreement. 

4.4.6.4.10 Coordination of Contractor Procurement Source Inspections 
and Tests - The program managers will have primary responsibility for 
coordinating supplier and MMC inspections and tests. These managers 
will provide the technical requirements to be executed at the supplier's 
and at MMC. They will approve supplier and MMC test procedures and 
will furnish technical assistance as required. 

4 . 4 . 6 . 5 Fabrication Controls 

4.4.6. 5.1 Fabrication Operations - Fabrication plans (Manufacturing 
Process Plans, Shop Folders, step tags, procedures. Work Authorization 
(MARS) will be used to control and document fabrication- assembly, instal- 
lation, and inspection operations. 

Fabrication plans and changes are reviewed and approved by Quality 
for compliance with engineering requirements and for inclusion of inspection 
check points, before release. 

Fabrication plans become the historical record of fabrication, assembly 
and installation operations and inspections performed, and are maintained 
on file. 

4. 4. 6. 5. 2 Article and Material Control - Articles and materials will 
be stored in controlled areas. Conforming items, or their containers, 
are acceptance scamped. Quality will verify that articles and materials 
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issued against a fabrication plan are correct and conforming and that 
age- or use-sensitive items have sufficient remaining life or cycles. 
Limited life items are identified by date-of-expiration labels. Items 
requiring contamination control are environmentally protected and 
identified by tags indicating cleaning level status. Articles or 
materials requiring a temperature-controlled, contamination-controlled 
or other special environment for fabrication or processing will be 
inspected, tested, repaired or modified in a similar environment to 
the extent necessary to prevent quality degradation or deterioration 
of cleanliness level. 

Life/ time/ cycle limitations will be recorded in the equipment log 
and nonconforming articles and materials will be so identified and 
segregated to the extent possible pending disposition. Quality will 
maintain surveillance of stockrooms to assure proper storage, docu- 
mentation and identification of limited life items . 

4. 4. 6. 5. 3 Cleanliness / Contamination Control - Contamination control 
specifications applicable to the PSS program will be defined in the 
engineering drawings, which will specify the pertinent Engineering 
Process Specifications (EPS). Instructions to personnel performing 
and inspecting cleaning operations are found in Manufacturing Processes 
(MP) . They bear the same basic numbers as the related EPS, Fabrication 
plans and test procedures will call out the MPs to be used. Quality 
will enforce all contamination control requirements . Suppliers of 
contamination controlled hardware will have their cleaning operations 
and processes surveyed and approved in writing by MMC before cleaning 
operations begin. 

4. 4. 6. 5. 4 Pr-Qcess Controls - Manufacturing processes, where the 
quality of the operation cannot be determined by inspection alone, and 
inspection processes such as radiographic inspection, dye penetrant 
inspection, or magnetic particle inspection, are defined in EPS. MPs 
define in detail the step-by-step operations to be performed, the tools 
required, necessary materials, special requirements, certifications, 
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environmental controls, sample requirements, inspection requirements, 
and workmanship standards. MPs and revisions thereto are reviewed, 
validated, and approved by Quality before release. Applicable >0?s 
and mandatory product inspection points are specified in fabrication 
plans , 

Hardware integrity is assured by process control, by process 
sampling, and by nondestructive evaluation techniques. Overall hard- 
ware integrity definition, assessment, validation and applications are 
integrated into EPSs, MPs, and test procedures to meet program require- 
ments ♦ 

Equipment used in special processes is certified by Quality when 
the process results depend upon equipment performance; e.g., heat 
treat equipment and clean room facilities. Qualification and recert- 
ification requirements are established in the EPS and MP, Recertifica- 
tion is also required when test results or inspections indicate a need 
for changes to the normal process or when equipment changes may affect 
the process. Certification records are maintained by Quality. 

4.4. 6.5.5 Workmanship Standards - Standards of workmanship have 
been developed for selected processes such as solderless connections, 
soldered connections, printed circuit board packaging, conformal coating, 
microelectronics assembly. These standards augment acceptance criteria 
where the basic measure of quality is largely subjective. Applicable 
workmanship standards will be identified by reference in MPs or fabri- 
cation plans and compliance with these standards will be a prerequisite 
to acceptance. Workmanship standards are updated as required and will 
be available for review by the NASA. 

4.4.6. 5.6 Control of Temporary Installations - Temporary instal- 
lations will only be allowed by engineering drawing, fabrication plan, 
test procedure or MARS/DR. All temporary installations will be recorded 
in the equipment log and the entry will remain open until the temporarily 
installed item is removed. Any temporarily installed item which will 
remain installed at the time of shipment of the end item from MMC will 
carry a distinctive identification with visual impact and be recapped 


85 



as aiT open 3.tein in the end item equipment log. 

4. 4. 6. 6 Testing, Inspections and Evaluation 

4. 4. 6. 6.1 Inspeetlon and Test Planning - In order to demonstrate 
and verify that contract, drawing and specification requirements have 
been met for all deliverable hardware and software, the previously 
described Purchase Agreements, RAPs, fabrication plans, EPSs, MPs 
will provide a documented trail of written instructions and evidence 
of compliance from initiation of the Purchase Agreement through fab- 
rication and assembly. The manufacturing flow plan which has been 
developed for the fabrication, assembly, integration and test opera- 
tions will include inspection points at all levels. l-iMC Engineering, 
supported by Quality, will develop an integrated test plan which will 
identify all testing requirements including production in-line testing, 
acceptance testing, component testing and systems testing for the pro- 
gram. Prom this test plan, and the appropriate test specifications, 
individual test procedures will be developed which will provide all of 
the detailed information and direction necessary to the proper execu- 
tion of the tests. Testing of components, subpanels, the PSS core C&D 
system will be witnessed by Quality. Quality will verify hardware 
configuration prior to testing, will ensure the documentation of test 
failures, will witness troubleshooting and will approve corrective action 
taken to prevent recurrence. 

4 . 4 . 6 . 6 . 2 Test Specifi c ations and Inspection and Test Procedures - 
IjMC will prepare and maintain test specifications and test procedures 
for those tests defined in the test plan. Test specifications establish 
the criteria for performance and acceptance of the tests; test proced- 
ures provide the detailed operations for test implementation and 
verification of criteria. All test pi'ocedures will be reviewed by 
Quality to verify incorporation of test specifications and general 
quality requirements. Quality approval of test procedures and proced- 
ure changes will be required before start of test. 
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4.4.6. 6.3 Inspection and Test Performance 

4.4. 6. 6.3.1 Inspection and Tests - The inspections and tests performed 
on deliverable hardware will verify compliance wifh requirements . Approved 
fabrication plans and test procedures will be used to control all inspec- 
tion and test operations. Quality inspections will verify the accept- 
ability of the fabrication operations and acceptance stamp applicable 

steps in the fabrication plan. Critical manufacturing and test opera- 
tions in fabrication plans and test procedures will be stamped or signed 
by technicians. Test procedure certification sheets will be signed by 
the responsible organizations upon satisfactory completion of the test 
and closure of open items . 

Hardware integrity will be strictly maintained during test. Rework, 
repair, modification, adjustment or replacement will not be permitted 
except as specified in controlling documentation. Test control and dis- 
cipline is basically the responsibility of the testing organization, but 
will be closely monitored by Quality. 

Environmental controls will be exercised when required to protect 
product qulaity or control contamination. In the event of nonconform- 
ance or test anomaly, documentation and control will conform to the 
requirements of paragraph 4.6.7, Nonconforming Articles and Materials. 
Reinspection and retest requirements will be included in the controlling 
do cument a t i on . 

4. 4. 6. 6. 3. 2 Q ualification/Certiflcation Tests - Program Quality will 
verify that qualification test hardware is ready for qualification test- 
ing through a review of fabrication and test documentation. This review 
will assure that: 

a) The hardware is configured to the flight hardware baseline, 
or configuration differences are identified; 

b) All required pretest operations axe complete and accepted; 

c) Nonconformance, deviations and waivers have been resolved/ 
approved; 
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d) The test procedure is approved and available; 

e) All requried documentation is available. 

Quality will monitor qualification tasting to assure that approved 
test procedures are followed, equipment historical records are main- 
.ainedj test equipment is currently calibrated, and nonconformances and 
test anomalies are documented and dispositioned. 

■4. 4. 6. 6. 3, 3 T^nd Item Inspections and Tests - The test plan will 
include the requirement for inspection and testing of completed hard- 
ware before delivery to the NASA. These inspections and tests will be 
performed to Quality-approved acceptance test prccedures- 

Nonconformances discovered before, during or after testing, and 
test failures and anomalies will be documented, dispositioned prior 
to succeeding operations and closed out prior to shipping. Testing will 
be stopped when safety of personnel is in jeopardy or when damage to 
the end item or test equipment appears probable. Any adjvistment, modi- 
fication, repair, replacement or rework after completion of end item 
inspection and acceptance test will require NASA approval. Such rework, 
repair or modification will be performed to MARS, or to fabrication 
plans which have been processed and approved in the same manner as the 
basic fabrication plans . 

Tunctional tests will be performed on components prior to inst-il- 
lation when required because of qutsrionable component integrity, 
inability to verify component acceptability by subsequevit testing, or 
potential system damage in the event of component failure. 

4.4. 6.6.4 Inspection and Test Records and Data - IMG Quality Depart- 
ment will maintain secure files of fabrication, inspection, and test 
records of articles fabricated by fMC and its suppliers. These records 
will provide documented evidence that tv,.a required inspections and tests 
have been completed, verified, and accepted by Quality. These records 
and data are traceable to the hardware and to the accept.Lng Quality 
inspector. Ancillary data such as material laboratory analyses, test 
reports, supplier data, receiving inspection records, calibration records 
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are isiaintained by the Quality functional oi'ganizations using or generating 
the data. 

An equipment log will De initiated for each component, subs^^stem, 
system and the ST at the point of completion of fabrication which will 
contain the history of the hardware from that time, Including major 
operations, storage, testing, modifications, rework, nonconformances 
and test anomalies and refurbishment. Time and cycle history will be 
recorded as applicable. Subsidiary equipment logs will be folded into 
the ST log at the time of integration. 

An end item data package will be prepared for each end item, to 
include the data elements required by the contract. 

4. 4. 6. 6. 5 Quality Assurance Actions - Quality will participate 
in testing activities. Prior to test start. Quality will verif- that 
the test procedure has been approved; test constraints have been 
resolvec ; test equipment is currently calibrated; required personnel 
certifications are valid; verify configuration of the test hardware 
and the test equipment; notify the Government quality representative, 
as reiiL’tred; and concur in test start. 

Quality will monitor or witness testing to assure that testing is 
accomplished in accordance with the test procedure; that data and test 
results are recorded; that rework, repaii nr modifications are documented; 
and that nonconformances and test failures and anomalies are documented 
and dispositioned. 

Following the testing operation. Quality will ensure proper disposi- 
tion of test hardware; ensure that remedial and preventive action has 
been accomplished relative to nonconformances; and ensure that test 
results are accurate, complete and traceable to the tested hardware. 

4. 4. 6. 7 Nonconforming Articles and Matei'^als 

4 , 4 . 6 . 7 . 1 Nonconforming Article and Material Control - Nonconform- 
ances of articles and materials will be documented and the item so 
identified, segregated to the extent practicable, and controlled pending 
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disposition. The nonconformi.tg hardware, and/or the accompanying docu- 
mentation, as appropriate, will initially be identified as nonconforming 
by "D" stamping. A subser;uent interlocked triangle stamp indicates that 
the hardware has been dispositioned. An interlocking acceptance stamp 
indicates reacceptance. 

Articles that have received government acceptance will be treated 
as described in paragraph 4.6.10, Government Property Control. 

Nonconforming hardware will not be shipped with an open noncon- 
formance without nrior government approval. 

4.4, 6.7.2 Nonconformance Reporting and Correction - A system will 
be used which will provide closed loop documentation for recording, 
reporting, analyzing, correcting, verifying and feeding back data on 
nonconformances, by whomever discovered. At MMC, the Martin Automatic 
Reporting System (MARS) is the form used for documenting, reporting, 
dlspositioning, controlling, and providing corrective action foi* sig- 
nificant problems, acceptance test failures and anomalies, Material 
Review Board actions, and where a detailed engineering disposition 
is needed . 

For nonconformances that do not require MARS action, the Discrepancy- 
Report (DR) may be used. DRs may be used to describe conditions which 
require vjork, calibration, maintenance, and/or audio:. Ization for use of 
facilities, tooling and test equipment. Finally, DRs may be used to 
describe problems associated id-th documentation when hardware noncon- 
formance is not involved. 

At the discretion of the Quality supervisor, the Graphic Defect 
Identification (GDI) inspection form may be used to document defects 
in printed wiring board (PWB) assemblies which can be reworked to 
drawing requirements. The form consists of the PWB layout and a set 
of defect codes. Upon satisfactory rework, the fonn is acceptance 
stamped by the inspector and filed in the fabrication plan. 

The MARS will be used exclusively during the operations phase 
of the contract. Nonconfor-mances will he accumulated by Program Quality 
in summary reports to program management. Trends will be charted to 
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detect adverse quality developments . MARS are reviewed by Quality 
supervision or Program Quality to assure the adequacy of disposition 
and corrective action. The DR. and the GDI will also be reviewed by 
Quality for correct application, trends, and requirements for correc- 
tive action. If corrective action is required or unacceptable trends 
develop. Quality will initiate remedial action. 

Failures will be assessed by Program Engineering and Program 
Quality for formal failure analysis requirements. Failure analysis 
reports will be approved by Program Quality. Functional nonconform- 
ances for \ihich MMC recommends a disposition to repair or use as is, 
and thye resulting condition adversely affects the requirements of the 
contract, will be submitted through the MMC Contracts Department for 
a waiver approval. 

4.4.15.7.3 Material Review Beard - A Material Review Board will be 
established for the program. The MRB will disposition all nonconform- 
ances submitted to it for MRB action. 

The MRB will consist of one authorized MMC Quality member, one 
authorized MMC Engineering member, and the delegated Government quality 
representative. Manufacturing and other technical organizations may 
participate in MRB deliberations as consultants, but may not vote. 

All MARS that have received full MRB action are considered to be 
material review records and are retained as such. The MARS is con- 
sidered to have had full MRB action when the designated MRB members 
have signed in the appropriate blocks of the MARS. 

4. 4. 6. 8 Metrology 

4 . 4 . 6 . 8 . J Metrolpgy. Controls - All inspection s tandards , gages , 
measuring and testing equipment, and tools necessary to determine con- 
formance specification, drawing and contract requirements will be 
selected, evaluated, rjaintained and controlled. 

The KMC Quality Department Metrology Laboratory and Gage 
Laboratory provide the facilities and the prime, secondary and working 
standards used to calibrate inspection standards, gages, measuring and 
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testing equipment, and tools used to verify the quality of materials, 
supplies, products and processes. 

4. 4. 6. 8. 2 Acceptance - Measuring and testing equipment and tools 
are inspected and calibrated as applicable before Quality acceptance. 

11 new equipment and tools are entered into the mechanized property 
accountability system and those calibrated are added to the mechanized 
recall system. An initial calibration interval is specified by the 
Metrology Laboratory. 

4. 4. 6. 8. 3 Evaluation - Measurement standards and equipment identi- 
fied for use on the ST program will be evaluated by Quality for intended 
Operating use to verify that the equipment will measure tfhe character- 
istic to Che required accuracy; the hardware to be measured and the 
measuring equipment are compatible; and operating instructions are 
correct and complete. 

4. 4. 6. 8. 4 Article or Material Measurement Processes - Measurement 
process random and systematic errors will not exceed 10% of the toler- 
ance of the characteristic being measured. Quality will verify that 
this accuracy requirement has been maintained during its review of 
process plans and test procedures. 

4. 4. 6. 8. 5 Calibration Measurement Process - Calibration measure- 
ment process random and systematic errors will not exceed 25% of the 
tolerance of the parameter being measured, within the limitation of 
the state-of-the-art. Where this ratio cannot be maintained, measure- 
ment limits vsrill be established so that they fall within a band defined 
by reducing the allowable tolerance by the estimated uncertainties of 
the measurement process. Where this is not feasible, authority for 
exception will be requested of the NASA. 

4.4. 6. 8. 6 Calibration Controls - All standards and measuring and 
testing equipments receive inspections and calibrations at regular 
intervals determined by instrument reliability, accuracy requirements 
and usage. Calibrations are performed to written procedures /instruc- 
tions which define the specifications and tolerances, the standards and 
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test equipment to be used, and test methods. A certificate is applied 
to each item of calibrated equipment indicating the date calibrated, 
next calibration due date, and the stamp of the technician certifying 
the calibration. If a deviation from calibration specifications is 
approved, the deviation will be stated on the calibration certif J.cate . 

4. 4. 6. 8. 7 Environmental Requirements The calibration laboratories 
are environmentally controlled to ensure compatibility with the accur- 
acy and design characteristics of the standards and equipment in the 
laboratories. 

4. 4. 6. 8. 8 Remedial and Preventive Action — If a commercial test 
equipment exceeds one and one-half times its allowable tolerance limits 
as received for recalibration, the cognisant Quality Manager is noti- 
fied. He will effect a review of the uses made of the defective 
equipment to determine what measurements are suspect because of the 
nonconformance. 

4.4. 6.9 Stamp Control - Inspection stamps, planning stamps and 
sealing devices will be used to indicate the acceptance status of 
^tticles, materials and documentation. MMG Quality stamps are instantly 
Identifiable and traceable to the responsible Individual. Quality 
stamps are controlled by Quality and records are maintained to account 
for all stamps. Retruned stamps and lost stamps are not reissued for 

a suitable period of time. 

4.4.6.10 Handling, Storage, Preservation. Marking. Labeling. 
Packaging, Packing and Shipping 

4.4.6.10.1 ProGedures and Instructions Control - Special handling 
and transportation, storage, preservation, marking, labeling, packag- 
ing, packing and shipping requirements will be specified in the engin- 
eering drawings. These requirements will be reflected in purchase 
orders, fabrication plans, test procedures or special procedures. 

Quality will monitor these operations to assure compliance, 

4.4.6.10.2 Handling - Besides handling requirements, engineering 
drawings will specify the handling fixtures and test fixtures to be 
used on the program. Necessary fixtures will be designed and built. 
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Fabrication plans and test procedures will spell out instructions for 
handling the hardware during integration, test, packaging, packing 
and shipping. Quality will monitor handling operations. 

4.4.6.10.3 S torage - Articles and materials will be stored in 
dedicated, controlled areas. Quality will verify that environment- 
sensitive items are stored in suitable environments . They will also 
verify that the containers of age-sensitive items are so marked and 
that date of manufacture and life expiration date are clearly indi- 
cated. Special storage/maintonance/periodic inspection/periodic 
test requirements will be specified on engineering drawings and 
appropriate procedures generated for performance. 

4.4.6.10.4 Preservation, Marking, Labeling, Packaging and Packing - 
Engineering drawings will specify the preservation, marking, labeling, 
packaging and packing requirements. These requirements will be reflected 
in fabrication plans, test procedures or special procedures. Quality 
will verify that all requirements have been satisfied. 

4.4.6.10.5 Shipping - For all hardware shipped from MMC, Quality 
will verify that the hardware meets all drawing, specification and 
contract requirements, that all required fabrication, assembly, inte- 
gration and testing is complete and acceptable, and that the hardware 
is in all respects ready for shipment. The documentation accompanying 
the hardware will be reviewed by Quality to verify that it is complete 
and has been accepted by Quality and by the Government as required. 

The documentation included in the shipment will be that specified in 
the contract. 

4.4.6.11 Sampling Plans, Statistical Planning and Analysis - The 
use of sampling techniques will be limited to receiving inspection. 
Sampling plans used at MMC are based on MIL-STD-103D . No statistical 
analyses are planned for inspection operations. 

4.4.6.12 Government Property Control 

4.4.6.12.1 Contractor’s Responsibility - Government property 
received at MMG will be controlled as specified in Standard Procedures 
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and Quality Procedures. 


Government property received at MMC will be processed through 
Receiving Inspection to Receiving Acceptance Plans (RAP) prepared by 
Receivxng Inspection in accordance with direction from Program Quality. 

If an equipment log is not furnished with the GPP, a history sheet will 
be origxuated at Receiving Inspection to document the history of the 
hardware while at MMC and to record maintenance, calibration, and 
xnspectxon. The GFP will be identified, if not consumable, and will 
be incorporated into MMC's property accountability system. GFP will 
be stored in the segregated, controlled program stockroom. Stock 
records wxll be initiated and maintained for accurate accountability. 

4.4.6.12.2 Unsuitab le Government Pronertv - Any damage, malfunction, 
test failure or other GFP anomaly will be documented on a MARS and the 
MARS presented to the Government representative. If MRS action is 
requested by the Government representative, the MRB will perform MRB 
actxon and determine a recommended disposition. If the Government 
representative concurs, disposition will be effected as described in 
paragraph 4.6.7, Nonconforming Articles and Materials. If not, the 
Government representative will direct disposition of the hardware. 

GFP will not be repaired, modified, reworked, replaced, or other- 
wxse dxspositioned except as authorized by contract or directed by 
the Government. 

4.4.6.13 Flight Test/Ground Operations 

4.4.6.13.1 Plannin g, Procedures and Procedural Controls - 
flight test development program and associated ground operations will 
be controlled by procedures developed specifically for these operations, 
as descrxbed in paragraph 4.6.6, Testing, Inspections, and Evaluation. 

These procedures will be subject to the same review and approval by 
Quality as acceptance procedures. Quality will witness all testing 
operations to assure compliance with procedural requirements. Noncon- 
formances and test anomalies will be documented on MARS which will be 
subject to the same controls and requirements as described in paragraph 
4.6.7, NonGonforming Articles and Materials. 
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4.5 Reliability and Maln.talnability - Reliability and maintainability 
program will be implemented to insure the PSS core C&D meets STS require- 
ments. This program will provide the necessary controls to assure iden- 
tification and resolution of all potential critical failures and will 
assure achievement of the highest PSS reliability and availability at 
the least cost. Based on the requirements established during PSS study, 
and utilizing a Reliability Program Plan, which satisfies NHB 5300.4, 
adequate PSS reliability will be achieved. 

The reliability/maintainability design criteria and requirements 
will be developed to ensure compatibility with the established STS 
maintenance policy. 

A failure mode and effects analysis (PMEA) will be performed 
and will be used to prepare the Critical Items List (GIL) , which 
will be used to identify critical spares. This CIL includes the 
Single Failure Point Summary and Critical Redundant Items . The cor- 
rective action required and/or rationale for retention will he deter- 
mined for each critical single failure point. 

Reliability/maintainability will support the PSS design reviews, 
monitor all integration and test activities, and support the Acceptance/ 
Demonstration Tests at MSFC and KSC. This will include failure report- 
ing and corrective action and problem/failure history and status for 
the PSS C&D and GSE. 

The maintenance requirements will be provided to the mission inte- 
gration as an input to the Integrated Logistics, Maintenance/Refurbish- 
ment, a’nd Mission Operations Programs. 
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5.0 SOFTWARE 


The software required for the PSS Phase C/D contract includes flight 
and ground test software. The flight software will interface the soft- 
ware driven controls and displays with the application software in the 
Orhiter Spacelab, or Payload computers. This software is designated the 
Core Control and Display (CCD) software and is resident in the MFDS Processor. 
The ground test software will reside in the ground support equipment (GSE) and 
provide test sequences to check every function on the core C&D panels. 

The software development and validation concept for both flight 
and ground will be finalized during the Phase C/D and documented in the 
Software Development Plan. Preliminary analysis of this concept has 
resulted in the approach summarized in Figure 5.0-1. 

The software for both the ground and flight will be developed in 
a dual-organization concept to provide a series of checks and balances. 

In this concept the requirements, trade studies, verification and vali- 
dation are the responsibility of the software systems group; while the 
software design, coding, coding test, and program documentation are 
assigned to the software development group. The interplay between 
these groups throughout the development cycle ensures that the program- 
mers understand and implement the correct requirements and that the 
requirements remain consistent with efficient and cost-effective soft- 
ware coding practices . 

5.1 Flight Software - The GGD software is defined to interface with 
both the CAD hardware panels and the applications software residing in the 
Oribter, Spacelab, or Payload computers. Since modern display elec- 
tronic unit designs contain processors with significant computational 
and logical capabilities, the first task of the PSS Phase C/D contractor 
will be to perform trade studies to determine the best distribution of 
the GGD software. This resultant distribution by function will be docu- 
mented in the CCD software CEI. This functional assignment of software 
program responsibilities will allow the software ICD and detailed require- 
ments to be developed. 
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5.1.x Software IGD — The software ICD will define the software to 


hardware data interface including all command and data formats. This 
definition will be provided for both Orbiter and Spacelab data bases. 

Detailed requirements will be written for that portion of the CCD soft- 
ware which resides in the electronics unit. The requirements will be 
analyzed to determine whether they can be changed in such a manner to 
allow more cost-effective implementation. At the completion of these 
reviews the software development group can initiate the preliminary 
design, detailed design and coding of each specified function. Since 
the flight CCD software spans multiple projects, a preliminary design 
will be initiated after the PDR. The preliminary design will be reviewed 
at the CDR prior to proceeding into the detailed design and coding. 

5.1.2 Verification - The verification will be carried out in 
accordance with the software development plan. The responsible agent for 
this action in the requirements generator of the software systems group , 
with the software developer in a support role. Once verification is 
complete, the software designer will formalize a Program Description 
Document (PDD) , This document will be approved and placed under con- 
figuration control. 

5.1.3 Validation - After software verification, the software 
will go through a series of system level tests called validation. The 
tests will be conducted on the development hardware, and utilize the 
GSE together with its ground test software. These validation tests 
will be under the control of the software systems group. 

5.2 Ground Test Software - The ground test software will follow a 
development cycle similar to the flight software. Since this software, 
controlled by CEI, is totally contained in the GSE, trade studies will 
not be required. The development cycle will begin with submittal of 
the final requirements for both the CEI and Detailed Requirements Documents . 
Since the GSE test software only consists of a test sequence module, interpre- 
ter module, and an I/O module, the preliminary design cycle can be eliminated 
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allowing final design and coding to proceed right after the CDR. 
Verification will also be a very simple cycle, requiring only that 
each I/O device respond properly to the straightforward test 
sequences. 

The validation cycle will utilize the development unit together 
with its verified software combined with the commercial GSE and its 
verified software. This combination of hardware and software will 
go through a series of system level tests to validate all CEI and 
detailed requirements. The test sequences will be conducted by the 
systems software group under the control of the software development 
plan. 
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6.0 GROUND OPERATIONS 


Plans and procedures will be developed to support a ground operations 
concept in which factory test and checkout are performed at the MMC Denver 
facility with final acceptance at a NASA facility; components are to be 
returned to the PSE Contractor for repair. Ground operations functions, 
documentation, equipment, facilities and prerequisites for a PSS C&D 
maintenance concept will be developed as a part of DDT&E, 

The PSS C&D ground operacions will consist of providing field 
support to MSEC and KSC for the test and checkout of the PSS C&D flight 
article, the training article, the payload integration article, and GSE. 
Logistics planning, transportation, and spares management will be provided 
for the C&D hardware and GSE. Logistics support will be provided for 
maintenance, repair and refurbishment of hardware and GSE. 

Launch site functions are limited to providing inputs to integrated 
test procedures, unloading, visual inspection and demonstration/accept- 
ance test support at KSC. Requirements are coordinated through the 
Launch Site Support Manager to obtain support for these activities. 

Maintenance functions will be centered at Denver. In the case of 
failure, systems tests will be performed utilizing the GSE, then the 
affected subpanel will be removed. Control and display components will 
be bench tested, and after MRS disposition, returned to vendors for re- 
pair. Ihe MFDS will be shipped to the subcontractors for refurbishment. 
Reintegration will be similar to the initial Integration, but no environ- 
mental tests will be performed. 

C&D hardware and GSE will be transported by truck. 

Operations P lans and Procedure s - Plans and procedures 
for ground maintenance will be written in the DDT&E phase of the PSS 
program, concurrent with the initial assembly. Integration, and test 
activities. Documentation for these activities will have been updated/ 
revised during its usage. Since many of the ground maintenance functions 
and requirements are similar to those of the initial assembly, this docu- 
mentation should be directly applicable in many ground maintenance activities. 
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It will be a major input for preparation of plans and procedures, 
Table 6,1-1 shows the documentation requirements. 


TABLE 6.1-1 GROUND OPERATIONS DOCUMENTATION 

PSS C&D Payload Integration and Verification Inputs 
to Integration Procedures 

PSS C&D and GSE Maintenance Manual 

Handling & Transportation Plans 

Handling & Transportation Procedures 

Spares Documentation 
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7.0 FACILITIES 


Martin Marietta Aerospace Denver Division facilities arc ideally 
suited for the test and production of the PSS G&D core hardware. The 
existing laboratories and manufacturing facilities capabiliuies require 
no new or unique facility addition. The technology and facilities 
utilized nu similar endeavors such as ATM and EREP C&D will be used by 
the Denver Division to develop, build, assemble, and test the PSS 
equipment. The Denver Division facili,:ies include all necessary 
capabilities to design, develop, fabricate and test man-rated aerospace 
equipment . 

The facility is located on a 5057-acre site approximately 25 dies 
southwest of Denver, Colorado. Additional Government-o\med test facil- 
ities are located on an adjacent 460-acre site. Engineering, Adminis- 
tration, Cafeterias, Factory, General Purpose Laboratories, Space 
Simulation Complex, and supporting services are located close to each 
other, providing a functionally oriented organization with excellent 
communication for management, supervision, and liaison tasks. 

7.1 PSS Core Equipment Facilities Surnmary - The project management, 
Systems Engineering, and Design Engineering will be housed in the Space 
Support Building (SSB). During the development cycle, PSS ground test 
computer models will be developed using the Martin Marietta Aerospace 
computer capability in the Electronic Manufacturing Facility (EMF) . 
Material, component and breadboard tests will be conducted in a dedi- 
cated laboratory in the Space Support Building. Design and testing 
will result in hardware designs described by drawings and specifications 
that will be used to procure material and subcontracted components and 
to fabricate the PSS C&D hardware in the EMF. Procured parts and 
material will be received, inspected and stored in the Inventory 
Building. Structural components such as panel plates, brackets and 
clips will be fabricated in the precision machine shop of the Manufac- 
turing Assembly Building. 

All mechanical environmental tests will be conducted in the 
Accoustics Vibration Laboratory and electromagnetic interference tests 
(EMI) will be performed in the dedicated laboratory in the SSB. The 


103 



following paragraphs describe the capabilities of these facilities which 
will be used in the design, development, fabrication and testing of the 
PSS C&D core system. 


7.1.1 Administration Building - This building houases the scientific 
and business computer facilities to be used in the management control 
of the PSS program. This computer center has remote computer terminals 
in the Engineering and Space Support Buildings and various other loca- 
tions throughout the Denver complex. Additionally, a high speed tele- 
communication network is used to provide balanced computer loads with 
other Martin Marietta Aerospace computers at Baltimore and Orlando. 

The Denver Data Center computing systems are listed below. 


1) EAI 8900 hybrid 

2) One CDC 65GG digital 


3) CDC 3150 digital 

4) IBM 370-158 

5) IBM 370-145 

6) IBM 360-20 


Real Time System Simulation 
Analog and Hybrid Simulation 
Engineering and Research 
Studies 

Manufacturing On-line System 
Business Management Systems 


7.1.2 Space Support Building (SSB) - The Electronic Systems 
Technology Laboratory in SSB has the capability necessary for the design, 
development, and testing of electronic equipment ranging from individual 
devices to systems such as the PSS C&D. It occupies 12,000 square feet, 
including test benches, equipment, parts storage, and offices plus 
printed-circuit development facility; mechanical shop for basic assembly 
and prototype fabrication; telemetry ground station; rem.ote scientific 
computer terminal; test facility for computer hardware and software 
development. The laboratory is equipped with modern test equipment 
covering a wide range of test requiremexits , including a complete line 
of general-purpose electronic and electrical measurements; frequency 
generation and measurement from dc to 10 GHz; low-level, high-speed 
logic; logic circuit synthesis; solid-state circuit parameters; elec- 
tomagnetic interference, dc to 10 GHz; evaluation of power-generation 


104 



equipment, ac and dc; wave analysis; impedance measurements; transient 
analysis; communications; evaluation of RF systems and components; pulse 
and switching circuits; electronic systems compatibility and analysis; 
computerized launch, checkout, and control systems; computerized on- 
board checkout systems. 

7.1.3 Electronic :lanufacturing Facility (EMF) - This building is 
designed for fabricating, assembling and testing electrical and elec- 
tronic components and subsystems used in aerospace applications. It 
encompasses more than 79,000 square feet of floor space with the 
following features: 

1) A 7500-sq-ft clean room that can be operated in compliance 
with EED-STD-209A, Class 100,000 is provided. The room has 
a horizontal air velocity of 100-ft per minute, relative 
humidity is maintained at 45%, temperature is 70 + 2^F and 
the illumination level is 150-ft-c. The room is continuously 
monitored for airborne particulate content by a Royco Model 
200 light scattering automatic particle counter. Class 100 
laminar flow benches are used as required within the area for 
critical operations . 

2) A 1200-sq-ft potting/ encapsulation room is equipped with 
Class 100 clean benches, flosoldering equipment, ultrasonic 
cleaning equipment, vacuum encapsulator , curing ovens, refrig- 
eration unit, and an X-ray system. Bonding, conformal coating, 
encapsulation, impregnation, and potting operations of sub- 
assemblies as well as flosoldering of printel wiring boards 

is performed in this area. 

3) A 400-sq-ft : oil winding room is equipped with four torodial 
and bobbin-type winding machines and a reflow solder system. 
Winding of transformers, inductor coils, etc, and reflow 
soldering of printed wiring boards is accomplished in this 
area . 

4) The mechanical shop, consisting of approximately 600-sq-ft, 
is used for minor machining and sheet metal fabrication. 
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5) A wire, plug, harness, and chassis assembly area for ground 
equipment is provided for electronic manufacturing. Quality 
is maintained by using computerized in-line test facilities. 

The Denver Division has developed a computer aided test sys- 
tem called the DIGIDAT for the automatic testing of all elec- 
tronic components and subsystems. It is capable of performing 
logic and complete functional tests, concurrent with environment 
testing. 

6) Environmental acceptance testing at component and subsystem 
levels are performed in a controlled environment. Capabili- 
ties include two shaker systems rated at 6000 force- lb 
sinusoidal and 5000 force- lb random with a frequency range 
from 5 to 3000 cycles. A third shaker system is rated at 
17,5000 force-lb sinusoidal and 15,000 force- lb random with 
a frequency range of 5 to 3000 cycles. Temperature cycling 
is performed at temperatures between -lOO^F to +400°F. 

Other facilities available in the EMF include engineering and man- 
ufacturing development laboratories, thin-film laboratory, shipping and 
receiving area, and bonded storage area. 

7.1.4 Factory - The Factory is a two-story building with a gross 
area of 384,000 square feet. The lower floor contains detail manufac- 
turing, tool and die shop, chemical process facility, tube shop, clean 
rooms, quality control laboratory, and other support areas. The second 
floor has a 28-ft hook-height high-bay area with low-bay support areas 
on two sides. The capabilities are listed as follows: 

!)■ Machining - Detail manufacturing (Figure 4.2.3) will take 
place in the factory which is fully equipped with both con- 
ventional and numerically-controlled machine tools, and 
provides the capability to perform all necessary operations 
to fabricate the panels, brackets and other structural parts 
for the PSS C&D hardware. 

2) Sheet Metal and Tube Fabrication - Sheet metal forming and 

precision tube fabrication for the FSS C&D will be done in an 
area that -’ontains a wide variety of brakes, rolls, and presses 
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Facilities are provided for tube fabrication from 1/8-in. 
diameter to 3-in. diameter. 

3) Heat Treat - Aluminum and ferrous metals are beat treated in 

a variety of furnaces, ovens, and refrigerators. The principal 
facility for large aluminum parts is a 2500-lb capacity drop- 
bottom furnace with a temperature range of 300° to 1200°F and 
30 sec quench capability. The oven size is 10.5 ft wide, 26 
ft long and 12.5 ft high. 

4) Welding - Conventional and automatic welding equipment on the 
Factory upper level can handle a broad range of sizes, shapes, 
thicknesses, and materials. 

7.1.5 Inventory Building - Receiving inspection operations for 
FSS C&D material and parts acquired from outside suppliers are performed 
in the Inventory Building. The Parts Evaluation Laboratory in the 
Inventory Building performs component part evaluation and screening 
programs to identify and reBiove marginal devices as part of acceptance 
procedure. The capabilities are: 

1) Predictive test techniques using step-strese-to-failure 
data applied to the spring rate reaction mathematical model; 

2) Monolithic circuit worst-case and sensitivity analysis using 
microprobe data applied to computer-aided desi— n models and 
programs ; 

3) Understanding of failure mechanisms associated with solid 
state microelectronic design, materials, and processes; 

4) Pilot line design and fabrication of complex hybrid micro- 
circuit arrays; 

5) Automated testing techniques to perform complete electrical 
characterization and complete functional testing using known 
address or pseudo-random methods . 

7.1.6 Acoustics /Vibration Laboratory (AVL) - The acoustic/vibra- 

tion test facility, adjacent to SSL, provides a simulated environment 
compatible with spacecraft environments . This four-story building con- 
tains four principal areas: a high bay with a 33-ft hook height; a 
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20 X 20 -ft acoustic Cast area: a 25 x 40-ft vibration test area; and 
a 40 X 40-ft -multipurpose area. 

Noise generation equipment consists of two 30,000-w acoustic 
generators that can be coupled to the specimen shroud to produce 
shaped i-andom acoustic/spectra with overall sound pressure levels up 
to 156 dli. 

The vibration test area has a 200,000-lb self-leveling seismic 
mass that supports a 30,000-lb electro dynamic shaker and steel base 
place. The shaker can be rotated for either vertical or lateral exci- 
tation. During vertical excitation testing, fixturing is provided about 
the shaker to bias out the specimen's static load and overturning 
moments. During lateral excitation testing, the surface of the seismic 
mass is covered with steel plate to allow the placement of fixturing 
and vibration exciters for torsional vibration tests . 
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